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The Prairie Naturalist Manuscript Submission Guidelines
CHRISTOPHER N. JACQUESt, TROY W. GROVENBURG, AND JONATHAN A. JENKS
Department of Wildlife and Fisheries Sciences, South Dakota State University, Brookings, SD, USA 57007 (CNJ, TWG, JAJ)
ABSTRACT These guidelines present The Prairie Naturalist (PNAT) policies and procedures for submitting scientific
manuscripts for consideration for publication. In January 2009, a change in Editorial staff occurred and these guidelines address
the ongoing transition and update the online "Suggestions for Contributors" guidelines provided on the PNAT website
(http://www.fhsu.edu/biology/pn/prairienat.htm); these instructions supersede all previous guidelines. Tables and appendices are
included for common word expressions with superfluous wording, examples of correct format and style guidelines for tables
accompanying manuscripts, guidance in properly preparing Research Articles and Notes, citing literature, and mandatory
abbreviations for tables, figures and parenthetical expressions.
KEY WORDS author, format, instructions, manuscript, policy, style, submission guidelines

Publishing a scientific paper proceeds most smoothly if
authors understand the policy, procedures, format, and style
of the outlet to which they are submitting a manuscript
(Chamberlain and Johnson 2007). Most scientific journals
have unique styles, but subtle differences may not be readily
detectable. Publishing directions for authors are usually
entitled "guide for authors," "instructions to authors," or in
the case of PNAT, "suggestions for contributors." These
guides are specific directions created to provide consistency
in journal publications (Brown and Jenks 2009). If a
specific instruction is unclear, an examination of papers in a
recent issue will usually provide clarification, although
format changes frequently occur with changes in journal
editorship (Brown and Jenks 2009).
The typical organization and common elements of
scientific papers found in PNAT are discussed in the
following sections. These guidelines apply to all PNAT
submissions and consequently supersede all previous
journal guidelines. It is imperative that authors pay close
attention to instruction details.
A poorly written,
disorganized paper or one that does not follow publishing
instructions may be returned to authors for corrections
before review or alternatively, without further consideration
for publication.
MANUSCRIPT SUBMISSIONS

The Prairie Naturalist publishes manuscripts containing
information from original research that contributes to the
scientific foundations of the natural history and environment
of the Great Plains region, including geology, plants, birds,
mammals, fish, and invertebrates. Studies on grassland
habitats in areas outside of the Great Plains region also will
be considered for publication. The Prairie Naturalist only
accepts manuscripts submitted electronically; authors should
submit manuscripts as an email attachment directly to the
Editor.
Journal reviewers and editors evaluate each
submitted manuscript relative to data originality, ecological

concepts,' interpretations, scientific accuracy, conciseness,
clarity, appropriate subject matter, and contribution to
existing literature (Chamberlain and Johnson 2007).
However, manuscripts must be based on information that
has not previously been published or concurrently submitted
for publication in other peer-reviewed journals.
The
seriousness of dual publication has previously been noted
(Kendall 1981) and PNAT subscribes to these standards;
dual publication of scientific information precludes review
or publication in PNAT. However and in certain instances,
guidelines for previous publication are flexible. Examples
include technical analyses of findings published for lay
audiences, data presented at scientific meetings, final reports
required by funding agencies, or theses and dissertations
(although theses and dissertations still need to be cited in the
manuscript; see Citing Literature in text below).

Cover Letter
Each publication is managed by the PNAT Editor. Direct
cover letters to the Editor, and provide information that
describes ethical and copyright considerations (Council of
Biology Editors [CBE] Style Manual Committee 1994:599600) and other relevant information that may facilitate
review and editing. It is imperative that cover letters
indicate that manuscripts are submitted for exclusive
consideration by PNAT; without the exclusive consideration
statement, the Editor will not initiate the peer-review
process. This statement ensures that scientific data and
pertinent results have not been published previously or
submitted elsewhere for dual publication consideration.

Page Charges and Reprints
Page charges are mandatory and the corresponding
author is required to acknowledge that he or she accepts
responsibility for page charges if the manuscript is deemed
acceptable for publication following the peer-review
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process. Authors should note that PNAT does not print
color images; charges for figures apply only to black and
white images. As of 1 August 2009, page charges for
published manuscripts are $50.00 per page for Great Plains
Natural Science Society members and $70.00 per page for
non-members. Additional charges for figures and tables are
as follows:
Figures $10.00 each
Y2 page, 1-4 columns, $15
Tables:
Y2 page, 5 + columns, $25
full page, 1-4 columns, $30
full page, 5 + columns, $50
Paper or PDF reprints may be ordered at the time page
proofs are sent to authors.
Beginning with manuscripts
submitted after 1 August 2009, cost of ordering a set of 100
paper reprints will be based on manuscript length: 1-4
pages = $50, 5-8 pages = $75, 9-12 pages = $100, 13 +
pages = $125. The cost of ordering digital PDF reprints will
be $75, regardless of manuscript length.
The Prairie
Naturalist accepts page charge payments in the form of
checks, money orders, government purchase orders, or
credit cards.
Copyright

If manuscripts not in the public domain are accepted for
publication, authors or their employers must transfer
copyright to PNAT (Chamberlain and Johnson 2007).
Manuscripts published by federal government employees
are in the public domain (Chamberlain and Johnson 2007).
Submission of manuscripts implies entrusting copyright (or
equivalent trust in public-domain work) to the Editor until
manuscripts are either withdrawn from the peer-review
process or a decision regarding acceptance or rejection is
made. For manuscripts deemed acceptable for publication,
PNAT retains copyright privileges. Copyright forms will be
sent at the time page proofs are sent to corresponding
authors.
Due to rapidly approaching press deadlines,
copyright forms and author corrected page proofs should be
returned
to
the
Assistant
Editor
via
email
(prairie.naturalist@sdstate.edu), fax (605-688-4515), or sent
by :O;3-day delivery (South Dakota State University,
Department of Wildlife and Fisheries Sciences, Northern
Plain Biostress Laboratory, Room 138, Brookings, South
Dakota, USA; Attention: PNAT Assistant Editor) within 72
hours of their receipt.
FORMAT AND STYLE

All manuscripts must adhere strictly to PNAT guidelines
before they will be approved and subsequently sent out for
peer-review.
All manuscripts must be formatted as
Microsoft Word documents; no other format will be
accepted. The Journal standard for style is the CBE style
manual (Scientific Style and Format: The CBE Manual for
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Authors, Editors, and Publishers. 6 th Edition. Council of
Biology Editors, Cambridge University Press).
Types of Manuscripts
The Prairie Naturalist considers manuscripts of varying
lengths. The page numbers noted below include Literature
Cited, tables, and figures. Authors should select from the
following submission options based on total page length of
their manuscripts:
I. :0;10 pages: PNAT Research Note. Notes
provide a publication outlet for unreplicated
(spatially
or
temporally)
scientific
investigations. However, Research Notes are
not intended to serve as an outlet for research
that lacks appropriate scope. Research Notes
do not typically contain tables or figures,
however, short tables and figures of relative
importance to the manuscript may be included.
Research Notes do not have Abstract, Key
Words, Study Area, Methods, Results,
Discussion, or Acknowledgments headings.
Additionally, author names and affiliations
should be italicized, appear at the end of the
Note (and not in the beginning as in Research
Articles), and are preceded by a "period" and
"em dash." Authors should refer to Appendix
A for additional information regarding proper
formatting of Research Notes. All other style
rules for Research Articles apply to Research
Notes.
2. 11-50 pages:
PNAT Research Article.
Articles provide a publication outlet for
replicated study designs that provide
meaningful information pertaining to sound
scientific theories and hypotheses. Articles
contain sections with appropriate headings,
including Abstract, Key Words, Study Area,
Methods,
Results,
Discussion,
Acknowledgments, and Literature Cited.
Page Format General Guidelines

The following general page formatting guidelines apply
to all text files:
1. Manuscripts should be prepared in 8.5 x
II-inch format, single-sided, and doublespaced throughout; including title, authors'
addresses, text, long quotations within text,
literature citations, table footnotes, table titles,
table bodies, and figure captions.
2. Do not hyphenate words on the right margin.
3. Do not justify the right margin.
4. Maintain margins of 2.5 cm (1 inch) on all
sides of the page.
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5.

6.

Italicize words or symbols, such as scientific
names and mathematical symbols intended to
appear italicized in print.
Use Times New Roman font, 12-point type
throughout the manuscript, including the title
and headings.

S.W.).
For multiple addresses, note which address is
associated with each corresponding author by including the
author's initials in parentheses at the end of the address. For
Research Notes, authors' names and affiliations appear at
the end of the text body (Appendix A).

Footnotes
1'itle Page: Running Head, Title, and Authors
On page I, single-space the following information in the
upper left comer: date (should be updated with each
revision) and the corresponding author's name, address,
telephone and fax numbers, and email (as presented in this
document).
Double-space all text thereafter, including
authors' addresses, the manuscript title, figure captions, and
tables. Should the corresponding author's email address
change at any time following the submission of the
manuscript, it is their responsibility to notify the editorial
staff (Editor, Associate Editor, Assistant Editor) of such
changes.
For all Research Articles, a suggested running head (RH)
should be typed on the first line following the corresponding
author's address. The RH should be limited to :::;6 words,
left-justified, and each important word capitalized (i.e.,
"PNAT Manuscript Submission Guidelines"). The RH
should be preceded by a colon and either the last name(s) of
:::;2 authors or in the case of:::O:3 authors, the name of the first
author followed by "et al.," (i.e., RH: Unsworth et al. . Elk
Sightability Validation). For Research Notes, a suggested
running head should be included on all pages of the
manuscript, including the title page. The RH should include
the word "NOTES" in capital letters and left justified (i.e.,
RH: NOTES). The RH should not be italicized.
For Research Articles, the manuscript title follows the
RH and is centered in bold font, sentence-case letters, with
important words capitalized as in the RH. The title should
identify manuscript content, shall not exceed 10 words
unless doing so forces awkward construction, and may not
include abbreviations, acronyms, or punctuation. Further,
use of scientific names in the title should be avoided except
for organisms that do not have common names, or whose
scientific names are easily confused with common names.
Authors also should avoid the use of numbers in both the
title and RH. For Research Notes, the title is left-justified
and capitalized and immediately following the title is an em
dash, followed by the start of the body of the text (i.e.,
MORTALITY OF AN AMERICAN MARTEN FROM
AN OFF-HIGHWAY VEHICLE- Text body).
For Research Articles, authors' names are centered in all
capital letters. Author affiliations follow and are centered
and given in sentence-case letters. The affiliation is usually
where the author was employed during the study. In each
address, use available United States Postal Service (USPS)
abbreviations, zip codes, and the country (abbreviate "USA"
but spell out all others). Write out words like Avenue,
Boulevard, and Street, but abbreviate directions (i.e., N. and

Footnotes should be inserted using the footnote function.
If an author's present address is different from the byline
address, it should be noted only by using a footnote.
Additionally, footnotes may only be used to note an author's
email address, and to indicate a deceased author. Start each
footnote with a numerical superscript.

Abstract
Authors should begin this section with the word
"ABSTRA'CT" (left-justified) in bold font. Abstract text
begins after a single letter space on the same line and is a
single paragraph not exceeding 3% of the length of the
manuscript, including Literature Cited.
The abstract
includes a statement of the principal objectives or
hypotheses tested during the study, a brief description of
pertinent methods, a summary of main results (emphasizing
the most important results) and conclusions, and utility of
results explaining how, when, where, and by whom data or
interpretations can be applied to address the importance of
the results within the context of the scientific community.
The abstract should include only research findings derived
directly from the study.

KeyWords
Key words follow the abstract. Authors should type the
phrase "KEY WORDS" in bold font and left-justified
followed by a single regular space and list :::;8 words in
alphabetical order ending with a period. Words from the
title should be included as well as others that identifY
common and scientific names of principal organisms in the
manuscript, the geographic area of study (typically states,
provinces, or well known regions), well known phenomena
and concepts studies (i.e., carbon sequestration, competition,
mortality, nutrient cycling, population estimation, primary
succession,
radiotelemetry,
reproduction,
survival,
zooplankton, etc.) and other potentially useful words not
previously mentioned for indexing (i.e., KEY WORDS
author, format, instructions, manuscript, policy, style,
submission guidelines).

Text Pages
Page numbers and the RH (i.e., Unsworth et al. . Elk
Sightability Validation) should be inserted in the upper right
margin on all pages following the title page using the
Header function in Microsoft Word.
These notations
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facilitate manuscript continuity during review, editing, and
typesetting. Authors should number each line of the text
continuously (i.e., do not renumber each page) using the
Line N umbers function (Layout tab) in the Page Setup
options.

Manuscript Headings
Manuscripts should be prepared using 3 heading types;
first-level headings, second-level headings, and third-level
headings. First-level headings are capitalized, bold type,
and left-justified. Text follows on the succeeding line and is
indented 5 spaces. Second-level headings are bold type,
left-justified with sentence-case lettering (i.e., important
words capitalized). Text follows on the succeeding line and
is indented 5 spaces. Third-level headings are italicized,
indented 5 spaces, and followed by a period and em dash.
Text follows directly after the subheading on the same line.
For instance, Seasonal Home Range Ana~yses.-Begin
paragraph text here. Third-level headings should only be
used for short (:Q paragraphs) subsections. Authors should
use first-level headings for appendix titles.

Major Manuscript Sections
The introduction (no heading and indented 5 spaces)
starts two lines below the Key Words and should contain a
concise synthesis of current and historical literature specific
to the manuscript's main topic (i.e., setting the stage). This
section should serve to justify why the research was
necessary and subsequently conducted.
The initial
paragraphs should provide a clear, referenced, logical
progression to the primary objectives of the research project.
The latter part of this section should clearly and succinctly
state the study objectives and the hypotheses tested, which
concludes this section.
Research Articles must include the following first-level
headings: Abstract, Key Words, Study Area, Methods,
Results,
Discussion,
Management
Implications,
Acknowledgments, and Literature Cited. Combining Study
Area and Methods or Results and Discussion sections are
not permitted in Research Articles. Research Notes do not
include Abstract, Key Words, Study Area, Methods,
Results, Discussion, Management Implications, or
Acknowledgments first-level headings. Research Notes
include only a Literature Cited first-level heading.
Second- and third-level subheadings are not permitted in
Research Notes.
Study area descriptions should be presented in past tense
(i.e., average annual snowfall was 101 cm, rangelands were
characterized by mid-season grasses and limited stands of
ponderosa pine). Exceptions include geological formations
that have been present for centuries or millennia (e.g.,
mountain ranges). Methods should be concise and include
study duration, sampling protocols, dates, research or
experimental design, and data analyses. Methods should be
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written in active voice (i.e., write "We radiocollared adult
female deer ... " and "We compared AIC values to select the
most parsimonious model" rather than "Adult female deer
were radiocollared" or "AIC values were compared to select
the most parsimonious model"; see Style and Usage section
below). Authors should cite previously published methods
with minimal explanation and explain new or modified
methods in detail. Animal-welfare protocols should be
included at the end of the Methods section rather than in the
Acknowledgments section; protocol (i.e., IACUC) numbers
should be included parenthetically following the statement.
Results should be presented in a clear, concise, and
organized manner.
Avoid redundancy by presenting
information in tables and figures in the text and do not
explain analyses that are more appropriately described in the
Methods section. Authors should describe the magnitude
and direction of biological effects as well as test statistics.
For instance, reporting that "parameter X was 50% smaller
than paratfleter Y (P < 0.015)" conveys more biologically
meaningful information than stating that "parameter X was
significantly smaller than parameter Y." Avoid overusing
the terms "significant" and "significantly" when statistical
differences can be deduced from test statistics (i.e.,
P-values); such reporting commonly results in unnecessary
length and redundancy when stating results. Authors should
avoid the urge to discuss or interpret results as this activity
unnecessarily increases the length of this section and
commonly results in redundancy or a "re-discussion" of
results in the Discussion section of the paper (Brown and
Jenks 2009). Results should follow the order of testing of
hypotheses and design set forth in the Materials and
Methods section. Organization should be arranged for
impact, with results listed from most to least significant
(Brown and Jenks 2009). Additionally, results should be
presented in past tense (i.e., mean spring migration occurred
on 14 April).
The Discussion should follow the logical order of
presentation of results from the previous section while
highlighting the most important or significant findings of
the study.
This section provides an opportunity for
interpreting data and making literature comparisons. Begin
the Discussion by synthesizing results with regard to study
objectives and then relate relevant findings to previously
published literature and research. Authors should provide
synthesis of results with available literature. Systematic
discussion of every aspect of the study leads to
unnecessarily long manuscripts. Authors should be concise
and relate their findings directly to their study objectives
and hypotheses. Do not repeat results in this section and
discuss only the most relevant and important results.
Reasonable speculation and new hypotheses or scientific
questions that are logical extensions of findings and
conclusions may be included in the Discussion.
The Management Implications section should be short
(generally about 1 paragraph), direct, and explain important
management and conservation issues that are derived
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directly from your results. Authors should avoid restating
information from the Results or Discussion sections and
making recommendations beyond the scope of their study.
Specific management recommendations should be addressed
in this section.
The Acknowledgments (please note our preferred
spelling) section appears immediately before the Literature
Cited. This section should be brief and include initials
(rather than first names) of individuals cited. For example,
"Funding was provided by Federal Aid in Wildlife
Restoration administered by South Dakota Department of
Game, Fish and Parks, Study No. 75lO3, the National Park
Service administered through the South Dakota Cooperative
Fish and Wildlife Research Unit at South Dakota State
University, the Pope and Young Club, Safari Club
International, and South Dakota State University. We thank
R. G. Barden, 1. M. Chronert, 1. E. Ellingson, L. L. Flack,
R. N. Pelky, S. A. Rauch, 1. L. Wilkens, and T. 1.
Zimmerman for their assistance during our study. We also
thank South Dakota Civil Air Patrol for their assistance and
the landowners that allowed access to their property
throughout our study."

Literature Cited
Authors should refer to Appendix B for detailed
instructions on how to format citations. Additionally,
authors should maintain double-spacing and use hanging
indents rather (than white space) to delineate new citations.
Within the manuscript body, citations should be presented
in chronological order and then alphabetical order. All
author names should be spelled out in case lettering rather
than using dashes. Within the Literature Cited section,
citations should be presented in alphabetic order rather than
in chronologic order. Authors should type "Associate
Editor" at the end of the Literature Cited section. The name
of the Associate Editor will be filled in by the Editor at a
later date.

Figure Legends and Tables
On a new (separate) page following the Literature Cited,
figure captions should be compiled.
Figures can be
submitted either as separate files or embedded in the
manuscript following the figure captions page. Please note
that as of 1 January 2009, we only accept figures in the
following formats: .doc, .tif, .jpeg, .pdf, .eps, .xls, and .ppt.
Labeling and mounting figure parts (i.e., Figure la, Figure
1b) together into a single figure as it is intended to appear in
print is necessary; failure to do so may result in additional
charges during typesetting.
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Appendices
Authors should include appendices in the text file after
all tables, figure captions, and figures. First-level headings
should be used for Appendix titles.

STYLE AND USAGE
The Editor may return a poorly written (i.e., long and
complex sentences, superfluous words [Appendix CD,
disorganized manuscript or one that does not follow
publishing instruction to authors without review, despite the
paper potentially containing publishable data. While most
journal editors are willing to offer helpful suggestions to
authors, reviewers may be less patient or tolerant of poor
writing style, subsequently resulting in unfavorable reviews.
Thus, the PNAT editorial staff recommends that authors
review chapters 3 and 4 in the "CBE Style Manual (CBE
Style Manual Committee 1994) and "Writing with
Precision, Clarity, and Economy" (Mack 1986). Authors
are encouraged to write directly and concisely while
minimizing repetition between manuscript sections and use
of I-sentence paragraphs. Authors are strongly encouraged
to subject their manuscripts to "friendly" critical review by
colleagues prior to submission for publication; many
common problems are corrected during this part of the
peer-review process. Additional problems can be avoided
by following previously prepared outlines that serve to
guide authors through manuscript writing. Authors should
refer to Strunk and White (1979), Day (1983), and Batzli
(1986) for other helpful writing suggestions. A common
error in manuscript writing style is use of passive voice.
Use of first person and active Voice throughout the
manuscript is recommended to minimize repetitive or
unclear wording. For instance, instead of writing "deer
home ranges were estimated" authors should write "we
estimated deer home ranges."
Review of commonly
misused words (Appendix C) before manuscript preparation
is encouraged.
Authors should avoid using hanging hyphens at the right
margin and right-justified text. Page margins should be set
at 2.5 cm (1 inch) on all sides of the page. Additionally,
avoid violating margin boundaries simply to begin a new
paragraph or to place the Literature Cited at the top of a new
page. Avoid underlining, italicizing, or boldface words in
the text to indicate emphasis and type scientific names in
italic font and Latin phrases in plain text (i.e., ad hoc, a
posteriori).

Abbreviations and Acronyms
All abbreviations or acronyms must be defined the first
time they are used in the abstract and text (i.e., Geographic
Information System [GIS], Global Positioning System
[GPS]). Acronyms that were first defined in the abstract
should subsequently be redefined in the text. Sentences
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starting with acronyms should be avoided and do not use an
apostrophe with plural acronyms (i.e., MANOVAs, PCAs).
Exceptions include the following list of abbreviations,
which may be used in the text without definition: metric
units, DNA, USPS abbreviations, and various measurement
units (see Appendix C). Do not abbreviate journal titles in
the Literature Cited section. Do not abbreviate book titles
(including conference proceedings published as a book),
names of publishers, or university names when citing theses
or dissertations. Units of measure, when used with a
number, are abbreviated but no period is used. Longer time
periods are not considered measurements and are not
abbreviated (i.e., 2.7 mm, 3 g, 18 km, but three months, six
weeks, two years). Do not abbreviate the words "river,"
"county," following the name, or units of measure that
follow a spelled-out number at the beginning of a sentence
(i.e., Ten milligrams is a lethal dose).
Additionally,
descriptive modifiers that are used in the text (i.e., the study
area was located 17 km northeast [not NE] of Buffalo) are
not abbreviated nor are names of states, provinces, and book
publishers (in Literature Cited).

Citing Equipment and Statistical Software
For all field equipment, authors should include the
manufacturer name and location parenthetically at the first
However,
mention (of the equipment) in the text.
manufacturer information and location should not be
included for GIS and GPS. Statistical software should only
be included in the Literature Cited if authors are referencing
the software operations manual. Otherwise, manufacturer
information (manufacturer, city, state and country of
manufacturer) should be included immediately following
the first mention of the statistical software (product) name.
In cases where the programs are only available online,
authors should include website access information in
literature citations (see Appendix B).

Citing Literature in Text
With few exceptions, citations should be referenced
parenthetically at the end of a sentence; i.e., Dispersal is
defined as the movement of an animal from its natal range
to its first or subsequent breeding range, or where it would
have bred had it survived and found a mate (Shields 1987).
Literature should be cited by author and year; i.e., Burnham
(1980), Burnham and Anderson (1998). Use "et al." for
publications with ~3 authors; i.e., Burnham et al. (2000).
Commas should only be used to separate a series of
citations, and not to separate an author and publication date.
Citations in a series should be cited chronologically (i.e.,
Martinka 1967, West 1970, Beale and Smith 1973, Barrett
1982). Contributing authors should not list >5 citations in
the text body to reference a particular ecological issue or
scientific finding. If citations in a series have> 1 reference
for the same author(s) in the same year, then years should be
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designated alphabetically (in italics) and separated with
commas (i.e., Bowyer 1990a, 1990b, Jones 1995, Smith
1996, 1997). Multiple within-year citations should be
alphabetized within chronological order; i.e., Anderson
1998, Johnson 1998, Jones 1998, Smith 1998, White 1998.
All widely distributed articles catalogued in major libraries,
including theses, dissertations, symposia proceedings, and
United States Government documents, should be cited as
published literature. However, such references should be
cited as unpublished literature if they are not easily
accessible or available. All other documents should be cited
as unpublished data in the body of the text.

Citing Unpublished Sources in Text
References that are not easily accessible, available, or
locally distributed should be cited only in the body of the
text. This includes unpublished reports, manuscripts that
have not ·yet been accepted for publication, and personal
communications or observations. Unpublished materials are
not as credible as published literature so should not be
overused. Unpublished information should be cited in the
text body as follows: Personal communications; i.e., (H. C.
Frost, National Park Service, personal communication),
Unpublished data (including manuscripts in review); i.e.,
(R. 1. Guenzel, Wyoming Game and Fish Department,
unpublished data), Unpublished report; i.e., (R. E. Rolley,
Wisconsin Department of Natural Resources, unpublished
report). Affiliations should be included in the first citation,
even when cltmg unpublished data or personal
communication of an author. Inclusion of affiliation should
be avoided in subsequent citation references (i.e., H. C.
Frost, personal communication). Manuscripts accepted for
publication are cited as a published manuscript in the text
Subsequent
using the anticipated year of publication.
citation of such manuscripts in the Literature Cited section
should show the year of publication after author(s) name(s)
and "in press" following the journal volume number.
Manuscripts that are in review should not be cited as "in
press;" authors should cite such manuscripts using the
unpublished style mentioned previously.

Common and Scientific Names (Nomenclature)
If a species has a universally accepted common name,
use both the scientific and common names at first mention
of the species, both in the abstract and in the text body.
Place scientific names following common names in
parentheses and italic font with the first letter of the genus
name capitalized and the species name spelled out in lowercase letters (Chamberlain and Johnson 2007). Thereafter,
use only the common name. Authors should provide
literature citations for all common nomenclature reported
(i.e., Artemesia tridentata [big sagebrush]; Larson and
Johnson 1999). If a species has no universally accepted
common name, refer to it by scientific name. In cases
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where only the scientific name is used, authors should
provide additional information on what the organism is for
the benefit of readers who may be unfamiliar with that
taxon. Do not capitalize common names, except for proper
names or adjectives that are part of the name (i.e., Cooper's
hawk). After the first use of the scientific name, abbreviate
the Genus name by using the first initial (i.e., A.
americana). However, when two genera with the same first
initial have been included within a few paragraphs, spell out
genus names to avoid confusion, and always spell out genus
names when beginning a sentence. Italicize genus and
species names but not higher taxa. Use of scientific names
in manuscript titles should be avoided, except when there is
no accepted common name. Do not use subspecies names
unless essential, and omit taxonomic author names. Use
"sp." (singular; not italicized) or "spp." (plural; not
italicized) to indicate that the identity of a species within a
genus was unknown. For instance, "Riparian corridors were
bordered by willow (Salix sp.) and we captured several
species of mice (Peromyscus spp.)." Where disagreement
occurs, use the most widely accepted nomenclature. Omit
scientific names of domesticated animals or cultivated
plants unless a plant is endemic or is not adequately
described by its common name.

Whenever possible, authors should use Systeme
Internationale d'Unites (SI) units and symbols (refer to
Appendix C). Place a space between numbers and units or
symbols (i.e., 100 km, 50° C) and do not use hyphens
between numbers and units unless using a number-unit
phrase to modify a noun (i.e., 5-yr study, 100 cm in diam,
30 mm wide). Use English units in parentheses following
convertel'i metric units only in cases where precision of
original measurements or accurate interpretation of results
may be misrepresented or otherwise compromised.
However, the following non-SI units are permitted: hectare
(ha), calorie (cal), Celcius (C), minute (min), hour (hr),
seconds (sec), and liter (L).

Mathematics and Statistics

Numbers and Unit Names

Roman letters used as symbols for quantities (i.e., n, X,
P, F, t, Z, X; Appendix C) are displayed using italic font.
Underlining or italicizing numbers, Greek letters (i.e., chisquare,
or various statistical terms (i.e., E, exp, lim, In,
log, SD, SE, CV, df) are not permitted. Degrees of freedom
should be reported as subscripts to associated test statistics.
Symbols from your word processing program's symbol
directory should be used to create symbols rather than
creating them using keyboard functions (i.e., X2 rather than
2
X , minus sign [-] from symbol menu rather than keyboard
hyphen; times [x] to indicate multiplication instead of using
lowercase "x" or asterisk [*]). Authors should use bold font
for characters that should be set in boldface type, insert
spaces on both sides of symbols used as conjunctions (i.e., P
> 0.012), and close spaces when symbols are used as
adjectives (i.e., >25 radiotelemetry locations). Subscripts
should precede superscripts (X?) unless subscripts include
>3 characters. Whenever possible, report exact probabilities
(P = 0.028, not P < 0.05) and for general guidance, follow
Swanson (1974) or the CBE Style Manual Committee
(1994:206-218). For advice on presenting mathematics or
statistics, follow Maclnnes (1978). Additionally, authors
are encouraged to refer to Tacha et al. (1982) and Wang
(1986) for information regarding other common statistical
errors. Statistical programs or analytical methods should be
typed in capital letters (i.e., PROC NONLIN, Program
MARK).
Authors should avoid redundant use of
"significantly" (i.e., "Direct and post-release mortality rates

Use of the metric system is preferred, unless original
measurements were nonmetric, in which case units should
not be converted because precision may be misrepresented.
In general, spell out numerals one through nine and use
numerals for 10 and above. Spell out numerals and any
associated units of measure to begin a sentence and except
in key words, use numerals for all ordinals (i.e., 1st, 6th ,
15 th ). Spell out ordinals that appear before a numeral (i.e.,
first 10 pronghorn) and in Literature Cited, but use digits for
cases such as 5-fold and I-way. Fractions should be
converted to decimals except in cases where precision is
misrepresented. Numerals also are spelled out when used as
a pronoun (i.e., at least twelve deer initiated migratory
movements between summer and winter home ranges), or in
a nonspecific sense (i.e., "an example or two of interference
competition include ... " or "on the one hand"). Units of
measure should be indicated following each item (i.e., mean
winter temperatures ranged from -10 to 10° C) and use
symbols or abbreviations (km and %) for measurement units
that follow numbers unless numbers are indefinite (hundreds
ofkm), is "0" (zero) or "1" (one) standing alone.
Insert commas in numbers ;:::: 1,000 except when
reporting book pages, clock time, or calendar year dates.
Do not insert commas or hyphens between consecutive,
independent numbers in a phrase (i.e., 30 I-yr-old males).
Always use a leading zero when reporting decimals (i.e., use
0.001, not .001) and use lowercase when identifying items
by name (i.e., study site 1, year 2, individual 3). Use

x\

were higher (P = 0.020) in pronghorn than white-tailed
deer"). Statistical tests or measures of central tendency
should be reported as in the following examples: (X 2 ] ;:::: 5.40,
p:s; 0.020), (FW4 = 125.28, p:s; 0.001), or (X = 4.36 km, SE
= 0.32, n = 88).
Again, authors should note degrees of
freedom are subscripted with associated test statistics.
Similarly, P-values less than 0.001 should be displayed as P
:s; 0.001.
Units of Measure
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numerals for expressing a decimal quantity (i.e., 0.5 kg, 3.7
km) and when expressing a range of numbers (i.e., litter
sizes average 5 to 7 young). When using the word "from"
to express a range, the word "to" also should be used (i.e.,
distance varied from 5 to 16 km). In a series where some
parts contain numerals greater than 10 and some parts
contain numerals less than 10 (i.e., one through nine), use
numerals for the entire series (i.e., species composition
consisted of 5 common grackles, 8 blue jays, 10
black-capped
chickadees,
and
15
white-breasted
nuthatches). Large numerals or decimals should be avoided
at the beginning of sentences.

express a range of numerical values; use only to indicate
"per" or "divided by." Ambiguous use of nouns as
modifiers (i.e., ungulate researchers, male hunters) should
be avoided.
Authors should use trademarks
(i.e., ®, TM, ©) at first mention of product names and not
thereafter (re-establish information in text body if first
Additionally, manufacturer
introduced in abstract).
information (see Citing Equipment and Statistical Software
section above) should be provided following the first
mention of a product name.

Hyphens and Compound Words

It is important that researchers and managers ensure their
research activities are conducted in a manner that considers
both the welfare of the animals they are studying (i.e.,
equipping with radiocollars, implanting vaginal implant
transmitters) or the rights of human subjects (i.e.,
participation ill surveys). Consequently, it is imperative that
all peer-reviewed manuscripts submitted for publication in
PNAT address these concerns. Relevant documentation
should be provided in the Methods section. Specifically,
information indicating that proper animal care and use was
applied during study of live vertebrate animals for research
must be provided. Institutional Animal Care and Use
Approval numbers (as designated by most U.S. colleges and
universities), permit or license numbers issued to hold
animals, or an equivalent number all provide acceptable
means of documentation. All vertebrate animals, including
mammals, birds, fish, reptiles, and amphibians are covered
by this policy. Additionally, appropriate documentation that
proper approval was obtained to perform research involving
human subjects (primarily surveys) must be provided.
Human Subject Protocol numbers (as required and
designated by most federal agencies and U.S. colleges and
universities) is an acceptable form of documentation.

In general, compound words used as adjectives should be
hyphenated (i.e., 300-km2 study area and 4-yr-old female)
but not those used as predicate adjectives (i.e., study sites
were 300 km 2, females were 3 years old). Compounds
consisting solely of verbs are hyphenated. A sentence
containing a participle or an adjective is hyphenated when it
precedes the word it modifies (i.e., fine-grained soils,
well-known ecological concept) but is not hyphenated when
it follows the word it modifies (i.e., the ecological concept is
well known). Hyphens should be retained if words that
follow are capitalized, is an all-caps abbreviation, or is a
numeral. Run together the following prefixes with the word
for the following: ante, bi co, contra, counter, de extra, infra,
intra, micro, mid, neo, non, over, pre, post, pro, pseudo, re,
semi, sub, super, supra, trans, tri, ultra, un, under. Double
vowels or triple consonants with these prefixes are not
permitted; hyphenate these cases. A two-word modifier
containing an adverb ending in -Iy is not hyphenated (i.e., a
carefully preserved specimen).
Compound modifiers
containing numerals are hyphenated (i.e., a two-thirds
majority, a 100-ha pasture). Compounds derived from two
or more nouns are written open with no hyphen.

Securing Appropriate Approvals

Times and Dates
Punctuation

Commas should be used after the next-to-Iast item in a
series of >2 items (i.e., forested, wetland, and grassland
habitats). However, commas should not be used to separate
compound sentences before the conjunction (i.e., "We
conducted nocturnal searches of white-tailed deer neonates
using spotlights and diurnal searches of likely fawning
habitats on foot," not "We conducted nocturnal searches of
white-tailed deer neonates using spotlights, and diurnal
searches of likely fawning habitats on foot."). Authors
should not hyphenate prefixes, suffixes, or combining forms
unless doing so is necessary to avoid confusion. Closed
quotation marks are always placed after periods and
commas, but may be placed prior to or after other
punctuation
(CBE Style Manual Committee 1994:
177-181). Brackets should always appear in pairs and
slashes (I) should not be used to indicate "and" or "or" or to

Use the 24-hour system (i.e., 0001 hours through 2400
hours) and report dates as day, month, and year without
punctuation (i.e., 16 April 2009). Spell out months in full
except in parentheses, table bodies, and figures, in which
3-letter abbreviations are permitted and are used with no
period (i.e., 16 Apr 2009). Do not use apostrophes for
plural dates (i.e., 1990s).
TABLES AND FIGURES

Authors are encouraged to record information in tabular
form but must avoid incorporation of data of little relevance
to readers. Both tables and figures must be referenced in the
text. Illustrations that do not relate significantly to the text
will be deleted. Tables and figures should be imported into
the document (if in Word format) or saved as an image file
(please recall that we only accept .doc, .tif, jpg, .eps, .xls,
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and .ppt formats). Further, tables, table legends and figure
legends should be double spaced. Lettering must be large
enough for readability after the figure is reduced to fit the
printed page. Scale should be indicated. No part of the
figure should be typewritten. Figure captions (i.e., Figure I.
Mean seasonal home range size for adult female pronghorns
(Antilocapra americana) in Harding and Fall River
counties, South Dakota, February 2002-August 2005.
Harding County 95 and 50% summer and winter home
range estimates were calculated using radio telemetry data
obtained from 39 and 35 individual pronghorns,
respectively. Similarly, Fall River County 95 and 50%
summer and winter home range estimates were calculated
from telemetry data obtained from 28 and 27 individual
pronghorns, respectively) and table captions (i.e., Table I.
Seasonal movements by Rocky-mountain elk in western
Colorado, 1998-200 I) are written as titles, not as complete
sentences. Avoid adding other information here; to the
greatest extent possible, all information should be in the
table or footnotes to the table, or included in figures.
Tables and figures should stand alone (i.e.,
self-explanatory) and avoid reference to text. With the
exception of those items included in Table I, authors should
define relevant abbreviations and acronyms in each table
and figure. All table and figure captions should include the
species being studied as well as when and where (study area
location) empirical data were collected. Authors should
avoid using test-statistics in table and figure captions.
Tables should be presented immediately following the end
of the Literature Cited. Combine and list all figure captions,
double-spaced on a separate page immediately following the
Tables rather than on the figures themselves. Figure files
should be included immediately following the list of figure
captions. Figure files can be submitted either as a single file
that includes all of the figures or as separate figure files.

Tables
Tables should only be prepared for data sets with a large
amount of significant data. In contrast, do not prepare
tables for investigations with limited data sets, those with
numerous zeros or empty (blank) spaces, or repetitions of
the same number; such data should be presented in the text
body (Chamberlain and Johnson 2007). Tabular data are
typically read vertically, not horizontally. Though table
titles vary between journals, the following sequence is
recommended: 1) name of biological characteristic or
experimental unites) measured, 2) measurement unites) in
parentheses, 3) common name of organism measured, and
4) study location and date (Chamberlain and Johnson 2007).
Test statistics or statements of results (Xl or P-values) are
not permitted in table titles. Further, avoid table titles that
begin with superfluous words (i.e., The .... , A comparison
between .... , A summary of.. ... ) and words that should be
abbreviated or presented as symbols or parenthetically
(Chamberlain and Johnson 2007).

Lines appearing in tables are referred to as rules. Table
rules should be used according to the following guidelines:
1) Do not draw any rules vertically within a table, 2) Include
at least 3 rules in each table-below the title, below the
column headings, and at the bottom of the table; rules are
inserted as single, continuous lines and do not appear bold
or extra-thick, 3) Use rules that straddle subheadings within
column headings, 4) Do not use rules to show summation;
use "Total" in row headings, and 5) Use straddle rules in
column headings to join related columns and reduce word
use; label columns to avoid unnecessary print in data fields
(Chamberlain and Johnson 2007). Avoid using column and
row headings in data fields and type main headings flush
left with subheadings indented. Do not use bold font for
column and row headings, but capitalize first word and
proper pronouns. Avoid using dashes in data fields to
depict no information; data fields for which no information
was collected should contain blank cells. Authors should
refer to. Tables 1-4 for examples of common word
expressions with superfluous wording and properly
formatted tables accompanying manuscripts submitted to
The Prairie Naturalist. Additionally, authors should pay
particular attention to consistent use of significant digits in
all numbers reported, particularly when reporting
percentages (Chamberlain and Johnson 2007). For cases
where significant variation between significant digits exists
within a data column, present the precision level for each
datum. Authors should report P-values out to 3 digits past
the decimal. Do not report P = 0.000; the correct format is
P:O:; 0.001; naked decimals in data fields are not permitted
(i.e., report 0.00 I, not .00 I). For footnote superscripts use
asterisks
for
probability
levels
and
lower-case,
non-italicized Roman letters for additional footnotes.
Lettered footnotes should first be placed in the title, then
left-to-right, and then down. It is the author's responsibility
that all footnotes used in the title and within the table
corresponds accordingly with the indented explanation
immediately below the table. Footnotes requiring more than
one sentence are left-justified and footnotes should be used
to reduce unnecessary detail in the title and within the table
body (Chamberlain and Johnson 2007). Please note that the
most common errors in tables are single spacing, incomplete
titles, naked decimal points, and unnecessary characters in
data fields (Chamberlain and Johnson 2007).

Figures
Features of good figures include: I) dark, clear lettering,
2) clear, distinct lines and sharp focus in the most important
parts of the image, 3) study area location clearly depicted, 4)
easily distinguishable symbols, 5) high tonal contrast, and 6)
clearly depicted reference scale if size is important. Most
figures are either line (i.e., computer) drawings or pictures.
Figure captions should begin on a new page immediately
following the Literature Cited. If possible, figures should
not exceed 15 x 23 cm; reducing figures to these
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approximate dimensions will ensure that lettering remains
readable during the final production stage of PNAT
publications. It is acceptable for Figure captions to be
longer than table titles; captions may include several
sentences with recommendations for interpreting figure
content. Figure captions should stand alone and enable
figures to be self-explanatory, clearly describing variables
and when and where empirical data were collected. Figure
captions do not include statistical results and figure labels
(i.e., Figure I, Figure 2, Figure 3) should be typed on the
page containing the figure. Figure lettering should follow
the same guidelines as manuscript text. Only capitalize the
first word and proper nouns on axis labels and figure
legends or keys. Italic letters should only be used where
they are essential to the meaning (i.e., such as reporting
mathematics and statistics).
For additional guidance
regarding preparation of figures, authors are encouraged to
refer to Allen (1977) and Day (1983), and the CBE Style
Manual Committee (1994).
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Table I. Common expressions with superfluous words.
Superfluous wording

a

Suggested substitute

the purpose of this study was to test the hypothesis

I (or we) hypothesized

in this study we assessed

we assessed

we demonstrated that there was a direct

we demonstrated direct

were responsible for

caused

played the role of

were

on the basis of evidence available to date

conseq uentl y

in order to provide a basis for comparing

to compare

as a result of

'through, by

for the following reasons

because

during the course of this experiment

during the experiment

during the process of

during

during periods when

when

for the duration of the study

during the study

the nature of

(eliminate by rearrangement)

a large (or small or limited) number of

many (or few)

conspicuous numbers of

many

substantial quantities

much

a majority

most

a single

one

an individual taxon

a taxon

seedlings, irrespective of species

all seedlings

all of the species

all species

various lines of evidence

evidence

they do not themselves possess

they lack

were still present

persisted, survived

the analysis presented in this paper

our analysis
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Table 1. Continued.
Superfluous wording a

Suggested substitute

indicating the presence of

indicating

despite the presence of

despite

checked for the presence of

checked for

in the absence of

without

a series of observations

observations

may be the mechanism responsible for

may have caused

it is reasonable to assume that where light is not limiting

with light not limiting

in a single period to a few hours

in a few hours

occur in areas of North America

are in North America

adjacent transects were separated by at least 20 m

::::20 fl urrup-r

in the vicinity

nearby

separated by a maximum distance of 10m and a minimum distance of 3 m

3-10 m apart

the present-day population

the population

their subsequent fate

their fate

whether or not

whether

summer months

summer

are not uncommon

maybe

due to the fact that

(eliminate by rearrangement)

showed a tendency toward higher survival

had higher survival

devastated with drought-induced desiccation

killed by drought

aMack (1986:33). Reprinted with permission from the Ecological Society of America.
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Table 2. Format and style guidelines for tables accompanying manuscripts submitted to The Prairie Naturalist.
Item

a

Style Rule

Abbreviations

Use standard abbreviations.

Capitalization

Capitalize only the first letter for a column heading or phrase within a table.

Column headings

Required for each column. Do not submit tables with unlabeled columns.

Footnotes
Spacing

b

Use alphabetical superscripts, except for footnotes specifying probability levels.
Double-space throughout, including titles and footnotes

aChamberlain and Johnson (2007:43). Reprinted with permission from the Journal of Wildlife Management.
blndent the first line of a footnote 2 spaces. The remaining lines are flush with the left margin and double spaced.

Table 3. Correctly formatted table accompanying manuscript submitted to The Prairie Naturalist.
Animal group
Avian
Site a.b

Mammalian

Insectivorous

Carnivorous

Insectivorous

Carnivorous

Xeric

5.18

3.04

2.98

4.36

Mesic

7.76

5.52

1.63

3.09

Hydric

12.38

7.09

5.14

8.44

aChamberlain and Johnson (2007:44). Reprinted with permission from the Journal of Wildlife Management.
bFor footnotes, use lower-case, Roman letters. Indent the first line of the footnote 2 spaces, and left-justify all run-on
lines. Use asterisks for probability levels.

00

Table 4. Correctly formatted table in landscape orientation accompanying manuscript submitted to The Prairie Naturalist.

Transporteda

Study

Not Transportedb

No.

No.

No. PRM

No.

No.

No.

No. PRM

No.

animals

DM

(%)"

Total

animals

DM

(%)

Total

Mort (%)1'

captured

(%)

Areac

Winter

Species

captured

(%)d

HC

2001-02

Pronghorn

30

I (3.3)

4 (13.3)

5 (16.7)

15

0

0

0

WCNP

2001-02

Pronghorn

II

I (9.1)

2 (18.1)

3 (27.2)

0

0

0

0

FRC

2002-03

Pronghorn

40

1 (2.5)

6 (15.0)

7(17.5)

0

0

0

0

ND

2003-04

Pronghorn

0

0

0

0

62

2 (3.3)

0

2 (3.3)

2004-05

Pronghorn

0

0

0

0

55

3 (5.5)

0

3 (5.5)

2005-06

Pronghorn

0

0

0

0

68

4 (5.9)

1 (l.5)

5 (7A)

2000-01

WT Deer

58

0

0

0

0

0

0

0

;;:2

2001-02

WT Deer

73

1 (1A)

0

1 (IA)

0

0

0

0

~::;.

2002-03

WT Deer

36

1 (2.8)

0

1 (2.8)

0

0

0

0

2004-05

WT Deer

41

1 (2A)

0

1 (2A)

0

0

0

0

MN

Mort. (%)

(1)

~.

NCSD

aInciudes individuals that were hobbled and transported to processing sites.
bIncludes individuals that were processed at capture sites.
cHC = Harding County, WCNP = Wind Cave National Park, FRC=Fall River County,
NO = North Dakota, MN = Minnesota, NCSD = North-central South Dakota.
dNo . DM = Number of direct mortalities (i.e., head, neck, leg injuries) sustained during helicopter capture operations; percent mortality included in
parentheses.
"No. PRM = number of post-release mortalities; percent mortality included in parentheses; post-release mortalities were defined as deaths that occurred within
26 days post-release.
I'Total mortalities included direct mortalities + post-release mortalities. Percent mortality included in parentheses.
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APPENDIX A. AN EXAMPLE OF A PRO PERL Y
FORMATTED RESEARCH NOTE SUBMITTED FOR
PUBLICATION IN THE PRAIRIE NATURALIST
MORTALITY OF AN AMERICAN MARTEN FROM
AN OFF-HIGHWAY VEHICLE- Cause-specific
mortality in American marten (Martes americana)
populations has been documented throughout North
America (e.g., Maine [Hodgman et al. 1994, Hodgeman et
al. 1997], Ontario [Thompson 1994], Quebec [Potvin and
Breton 1997], Oregon [Bull and Heater 200 I], and British
Columbia [Poole et al. 2004]). Studies of trapped and
untrapped populations have typically implicated predation
as the leading cause of natural mortality (Hodgman et al.
1994, Bull and Heater 200 I, Poole et al. 2004). Coyotes
(Canis latrans; Bull and Heater 200 I, Hodgman et al. 1994.
Hodgman et al. 1997), raptors (Thompson 1994, Hodgman
et al. 1997, Bull and Heater 2001), red fox (Vulpes vulpes;
Thompson 1994, Hodgman et al. 1994), fisher (Martes
pennanti; Hodgman et al. 1997), and bobcat (Lynx rufus;
Bull and Heater 2001) have been identified as predators of
marten. Other known causes of natural mortality include
intraspecific killing (Hodgman et al. 1994, Hodgman et al.
1997, Bull and Heater 2001), disease (Thompson 1994), and
exposure (Bull and Heater 2001).
Studies of heavily exploited marten populations have
shown that trapping may account for up to 90% of marten
mortalities (Hodgman et al. 1994).
Additionally,
human-induced mortalities from trap-related injuries (i.e.,
traps targeting other furbearers; Potvin and Breton 1997),
shootings (Potvin and Breton 1997), and on-road vehicles
(Potvin and Breton 1997) have been documented. However,
there have been no published reports of marten killed from
direct contact with Off-Highway Vehicles (OHV; i.e.,
all-terrain vehicles [A TV], off-road motorcycles or dirt
bikes, snowmobiles, four-wheel drive vehicles).
While there are several reviews of the effects of OHVs
and recreational activity on wildlife populations (Knight and
Gutzwiller 1995, Joslin and Youmans 1999), most studies
have focused on physiological (Creel et al. 2002) or
behavioral (Van Dyke et al. 1986, Riley et al. 2003)
responses to disturbance; none have addressed the potential
for direct mortality. In 2005, we documented the death of a
juvenile, female American marten (F299) from an OHV that
had been radiocollared during a study documenting the
distribution and abundance of marten in the Black Hills,
South Dakota (Smith 2007); the Institutional Animal Care
and Use Committee at South Dakota State University
approved all handling protocols (Approval Number
04-A030).
We relocated F299 16 times between the date of capture
(3 August 2005) and the date she was discovered dead. We
located the carcass on 9 September 2005 in a dry creek bed
in the Northeast region of the Black Hills, South Dakota,
approximately l-km south of the nearest secondary road.
The base of the creek contained numerous large rocks
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making it impassable via A TV. A visual inspection of the
carcass indicated severe rub marks and patches of hair
missing on the head, shoulders, back, and front legs. The
bottom third of the animal was beneath a small rock
(approximately half the size of the marten) and had been
severely compressed dorso-ventrally, suggesting that the
marten had been run over by a vehicle. An inspection of the
head and upper torso showed no signs of puncture wounds
or trauma typically associated with predation. Due to the
nature of the wounds, the ruggedness of the terrain, and the
fact that we were unable to gain access to the creek bed via
ATV, we concluded that the animal was crushed by a large
OHV. We noted potential den site locations within 2 meters
of the death site. Based on the physical evidence at the
death site, we are certain the animal was not killed by being
directly under the rock. Although the exact circumstances
leading to the mortality are unknown, it is possible that the
animal was denned in the creek and consequently struck and
killed while attempting to escape the approaching OHV.
The general area where the carcass was discovered is a
popular destination for off-road enthusiasts, and, during the
course of our study, we routinely witnessed OHV traffic in
adjacent areas.
While probably not a significant source of mortality in
marten populations, the potential for injury or death from
OHV contact does exist. With an estimated 11 million
visits to national forests nationwide (USDA Forest Service
2003), use of OHVs for recreational purposes is one of the
fastest growing activities in the United States (Cordell et al.
2005). Thus, we believe OHV use should be considered
when addressing long-term viability of marten populations,
especially in sensitive areas, such as the Black Hills of
South Dakota and Wyoming.
Financial support for this project was provided by the
Federal Aid to Wildlife Restoration Act under project
W -75-R (Study No. 7525) administered by the South
Dakota Department of Game, Fish and Parks. We thank
Civil Air Patrol pilots L. Becht and G. Kirk for assistance
with aerial telemetry flights and C. N. Jacques for helpful
comments on earlier drafts.-Joshua B. Smith and Jonathan
A. Jenks. Department of Wildlife and Fisheries Sciences,
South Dakota State University, Brookings, SD 57007-1696;
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X

Gram

g*

Spearman rank correlation

rs

Gravity

g

Standard deviation (s)

SD

Hectare

ha*

Standard error (s)

SE

Height

ht

Student's t

r

Temperature

temp

Hours(s)

hr

Traced

tr

Joule

J*

Variation

CV

JUV

Versus

vs.

Kilocalorie

kcal*

Volt

V*

Lethal concentration, 50%

LC so

Volume: liquid, book

vol., Vol.
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A Partial Inventory of Islands in North Dakota: Potential for Breeding
Waterfowl Management
MICHAEL L. SZYMANSKI 1
North Dakota Game and Fish Department, 100 N. Bismarck Expressway, Bismarck, ND 58501, USA

ABSTRACT Islands can provide secure nesting habitat for ducks and other waterbirds, especially in agriculturally dominated
landscapes. I inventoried natural and man-made islands in the portion of North Dakota covered by the Prairie Pothole Joint
Venture (PPJV). I mapped 1,305 islands in this area; up to 46% of which could provide enhanced nest success with management
(e.g., predator removal or establishment of brushy cover). Management of islands for breeding ducks may be an important
method for achieving desired reproductive rates in the PP JV as substantial areas of perennial grass cover are lost from federal
conservation programs, primarily the Conservation Reserve Program (CRP).
KEY WORDS Anas platyrhynchos, Anas strepera, Aythya ajfinis, duck nesting, nesting habitat, nesting island, North Dakota,
predator management

Ducks nesting on islands often exceed reproductive
levels needed for population maintenance (Duebbert 1966,
1982, Giroux 1981, Lokemoen et al. 1984, Cowardin et al.
1985, Klett et al. 1988, Aufforth et al. 1990, Lokemoen and
Woodward 1992, Shaffer et al. 2006). Lokemoen and
Woodward (1992) reported that duck nest success on natural
islands increased approximately four-fold compared to nests
in surrounding uplands. In addition to increased nest
success, ducks occasionally nest on islands at exceptionally
high densities (e.g. 585 nests/ha; Lokemoen et al. 1984, and
2,652 nests/ha; Dahl et al. 1999), especially in brushy cover
comprised of western snowberry (Symphoricarpos
occidentalis) or Wood's Rose (Rosa woodsii). Most nests
are composed of species that are important to overall duck
harvest or of special management concern (i.e., mallard
[Anas platyrhychos], gadwall [Anas strepera] and lesser
scaup [Aythya ajfinis D.
Maintaining predator-free islands during the nesting
season generally requires little management (Duebbert et al.
1983). Lokemoen and Woodward (1992) recommended
islands constructed for duck production should be > 100 m
from shore to deter visitation by nest predators and that
resident predators could be controlled on islands> 1.5 ha in
size.
Giroux (1981) recommended that islands be
constructed at distances> 170 m from shore for this same
reason. Managing islands for duck production is one
strategy for achieving target reproductive rates for several
species of ducks breeding in agriculturally dominated
landscapes (Dixon and Hollevoet 2005).
Lokemoen and Woodward (1992) evaluated use of
natural islands and subsequent nest success by breeding
waterfowl and other water birds. Because island creation
can be expensive, they suggested the use of remote sensing
technology to determine locations of natural islands that
may benefit waterfowl production with further management.

lCorresponding author. Email: mszymanski@nd.gov

My objectives were to map man-made and natural
islands that would provide opportunity for waterfowl
management in North Dakota, quantify numbers of islands
by physiographic region, size, distance from shore, and
accessibility to breeding ducks, describe a partial inventory
of islands in the Prairie Pothole Joint Venture (PPJV)
portion of North Dakota, and define criteria to select islands
for predator removal.

METHODS
I detected islands in the PPJV of North Dakota by
visually scanning the digital National Agriculture Imagery
Program (NAIP) photos for North Dakota (U.S. Department
of Agriculture (USDA) Farm Services Agency 2004). I
scanned all photos at a scale of approximately 9,150 m and
used a Geographic Information System (GIS) to delineate
islands. These photos had a resolution of 2 m and were
taken in August 2004, a year with average numbers of
wetlands during 1989 to 2006 (Wangler and Reynolds
2007). I checked detection rates with a sample (n = 45) of
small (0.11-1.09 ha), man-made islands with known
locations (Dahl et al. 1999). I did not have a representative
sample of islands larger than 1.09 ha with known locations
to test detection rates, but I assumed that their detection
probability was 1.
For the purpose of this inventory, I defined islands as any
landmass completely surrounded by water during the
inventory, 2:0.04 yet <64.5 ha in size (Lokemoen and
Woodward 1992). I did not include islands that were
embedded in stands of emergent vegetation that covered
50-100% of the area between the island and mainland.
These islands were generally <100 m from shore, and more
likely to be inhabited by transient mink (Mustela vison).
thus reducing their benefit to nesting waterfowl (Aufforth e
al. 1990, Willms and Crawford 1989, Lokemoen an
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Messmer 1994). Finally, islands were selected based solely
on size and distance from shore; I did not account for
groupings of islands that may result in "island hopping" by
nest predators, assuming that islands within a group would
either all be trapped or not trapped.
Upon detection of an island, I mapped vegetated portions
of islands to exclude bare soil near the water's edge and
represent potential nesting habitat.
All islands were
digitized at a scale of 305-1,830 m, depending on size. I
also extracted approximately 200 islands from an existing
GIS layer for meandered lakes in North Dakota. After
digitizing, I calculated minimum distance (m) to mainland
as determined by the water's edge on the NAIP photo, and
determined whether islands were naturally occurring or
man-made based on shape (random shape vs kidney bean,
grouped and circular, rectangular, tear-drop, or peninsula
cut-off). I determined waterfowl accessibility (number of
breeding duck pairs/2.56 km 2) using the U.S. Fish and
Wildlife Service Region 6 Habitat and Populations
Evaluation Team (USFWS R6 HAPET) Breeding Duck Pair
Accessibility GIS layer (see Reynolds et al. 2006 for its
derivation) with data updated to 2007 (R. E. Reynolds,
USFWS R6 HAPET, personal communication). I then
calculated island size (ha) in the GIS, and assigned islands
to physiographic regions (Fig. 1; adapted by USFWS R6
HAPET from Bluemle 1977).

Relatively small islands (0.1-1.49 ha) at intermediate
distances to shore (50-199 m) and larger islands (> 1.5 ha) at
distances > 199 m from shore have the greatest potential to
benefit from predator removal. Nest predators are less
likely to be resident on islands <1.5 ha (Lokemoen and
Woodward 1992) or visit islands at distances> 199 m from
shore (Lokemoen and Messmer 1994), eliminating the need
to remove predators from small islands far from shore. The
above criteria excluded very small islands «0.1 ha).
Moreover, larger islands (> 1.49 ha) that are <200 m from
shore may not be worthwhile for managers to trap as they
may be frequently visited by transient nest predators and
large enough to limit their likelihood of capture given brief
periods of visitation.
RESULTS

I delineated 1,305 islands in the PP JV portion of North
Dakota, tetaling 1691 ha and ranging in size from 0.04 ha to
62.41 ha (Table 1). My detection rate for small, man-made
islands was 0.84 ± 0.05 (SE). Based on island shape and
distribution, I determined that 165 islands (138 ha) were
man-made, representing 13% of all islands and 8% of the
total island area; the Coteau Slope contained 36% of all
man-made islands while the Drift Prairie had the greatest
number of islands (n = 554; Table 1). However, the Turtle
Mountains had the highest density of islands at 0.04
islands/km2, followed by the Missouri Coteau (0.02
islands/km2), Drift Prairie (0.01 islands/km2), Coteau Slope
(0.01 islands/km2), and Red River Valley (0.001
islands/km 2).

Criteria for Predator Removal

I classified islands for their suitability for predator
removal inferred from size and distance from shore based on
recommendations by Lokemoen and Woodward (1992),
Lokemoen and Messmer (1994), and Dahl et al. (1999).
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Figure 1. Physiographic regions within the Prairie Pothole Joint Venture portion of North Dakota.
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Table 1. Frequencies of man-made (M) and natural (N) islands in the PPJV portion of North Dakota by physiographic region,
size (ha) and minimum distance to shore (m). Shaded cells represent islands in scenarios that may be suitable for predator
removal during the nesting season, based on size and distance from shore.

Minimum Distance to Shore (m)
Region

Type

Coteau Slope

M

Coteau Slope

N

ha

<50

M

100-199

200-499

>499

Total

<0.1

2

0

0

0

0

2

0.1-0.49

4

9

16

21

2

52

0.5-0.99

2

0

0

0

3

3-9.99

0

2

0

0

0

2

Total

8

12

16

21

2

59

<0.1

5

3

0.1-0.49

7

10

0.5-0.99

4

1-1.49

Drift Prairie

50-99

4

14

9

7

7

9

4

2

2

3

12

2

4

4

14

4

5

16

3

0

3

9

42
22

1.5-2.99

2

2

3-9.99

2

4

10-19.99

0

0

0

>19.99

0

0

0

Total

21

24

22

34

24

125

<0.1

0

8

4

0

13

0.1-0.49

0

10

3

0

17

4

2
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Table 1. Continued.

Minimum Distance to Shore (m)
Region

Type

Drift Prairie

M

ha

<50

Total

0

2

1-1.49

0

0

0

0

3

2

0

0

6

0

2

0

0

2

10

22

8

0

41

0

63

0

•

<0.1

27

21

11

4

0.1-0.49

67

99

43

II

0.5-0.99

31

26

14

8

1-1.49

11

8

10

1.5-2.99

8

11

19

3-9.99

6

7

7

2

0

10-19.99

M

>499

0

Total

Missouri
Coteau

200-499

0

10-19.99

N

100-199

0.5-0.99

3-9.99

Drift Prairie

50-99

221
6

85

4

34

10

7

55

14

10

44

2

6

>19.99

0

0

0

2

3

5

Total

151

174

104

51

33

513

<0.1

6

5

7

0

0

18

6

20

7

0

34

0

6

0.1-0.49
0.5-0.99

3
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Table I. Continued.

Minimum Distance to Shore (m)
Region

Type

Missouri
Coteau

M

Missouri
Coteau

N

ha

<50

50-99

Red River
Valley

M

N

200-499

>499

0

0

0

0

0

3

Total

1.5-2.99

0

3-9.99

0

2

Total

8

15

31

8

0

62

<0.1

28

21

8

0

0

57

0.1-0.49

92

85

38

9

0

224

0.5-0.99

28

23

14

4

0

69

1-1.49

10

7

9

0

0

26

1.5-2.99

15

16

6

4

3-9.99

4

7

6

5

10-19.99

Red River
Valley

100-199

0

42
0

22

0

3

0

2

>19.99

0

2

0

0

Total

178

162

81

23

0.1-0.49

0

2

0

0

3

Total

0

2

0

0

3

<0.1

2

0

2

0

0

4

0.1-0.49

5

4

3

0

0

12

445
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Table I. Continued.

Minimum Distance to Shore (m)

-------------~~~~~~~~~~~~-------------

Region

Type

Red River
Valley

N

ha

<5~____~5~0-~9~9__~10~0~-~19~9~__~20~0~-4~9~9~__~>~4~99~____T~o~ta~l___

1-1.49

o

1.5-2.99

o

3-9.99

Turtle
Mountains

N

o

o

o

o

o

o

o

o

o

2

7

o

o

20

o

o

o

2

o

16

o

8

5

Total

8

<0.1

o

0.1-0.49

3

6

5

0.5-0.99

2

3

2

1-1.49

o

4

o

o

5

1.5-2.99

2

o

o

o

3

o

4

3-9.99

______________________~T~0~ta~I______~8------~1~5------~1~0---------4~------~0~____~3~7~__

Management of Islands
DISCUSSION
Based on size and distance from shore, nest success on
606 (46%) islands representing 862 ha, or 51 % of all island
area, in the PPJV portion of North Dakota may be improved
by conducting predator removal during the nesting season.
Furthermore, use of these islands by nesting ducks may be
increased by establishment of brushy cover. Island densities
benefiting from predator removal or brushy cover
establishment followed similar trends among physiographic
regions as total island densities (Table I). According; to the
breeding pair accessibility map produced by the USFWS R6
HAPET office, 87% of all islands are accessible to
relatively high densities of breeding pairs (>40 breeding
pairs/2.56 km 2 ; Table 2).

I conducted this inventory using imagery from a year
with average numbers of wetlands (Wangler and Reynolds
2007), however some former islands appeared to be
submerged from record high waters of the late 1990s. Also,
some fonner islands became peninsulas under 2004
conditions, and others were not mapped because they were
in dry basins.
However, gIven wetland conditions
represented in the NAIP photography used, this inventory
should account for most islands in the PP JV portion of
North Dakota In most years, and provide reasonable
estimates of their size and distance from shore.
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Table 2. Frequencies of islands in the PPJV portion of North Dakota by number of breeding pairs of ducksl2.56 km 2 , size (ha)
and minimum distance to shore (m). Shaded cells represent islands in scenarios that may be suitable for predator removal during
the nesting season, based on size and distance from shore.

Minimum Distance to Shore (m)
Pairsl2.56 km2
<20

ha

<50

50-99

100-199

200-499

>499

Total

<0.1

3

0

2

0

0

5

0.1-0.49

6

3

0

0

0

9

0.5-0.99

5

0

0

0

0

5

1-1.49

2

0

0

3

0

2

t

1.5-2.99

20-39

0
0

0

3-9.99

0

0

Total

17

4

3

<0.1

10

4

2

0

0.1-0.49

8

13

15

3

7

46

0.5-0.99

4

2

6

8

2

22

1-1.49

0

4

2

2

3

11

1.5-2.99

2

0

3

5

6

16

3-9.99

3

5

4

6

6

24

10-19.99

0

0

2

2

0

4

>19.99

0

0

0

Total

27

28

34

0

0
0

25
17

0
26

26

141
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Table 2. Continued.

Minimum Distance to Shore (m)
Pairs/2.56 km
40-59

60-79

2

ha

<50

50-99

100-199

200-499

>499

Total

<0.1

10

5

6

6

0

27

0.1-0.49

20

38

29

13

3

103

0.5-0.99

13

8

4

6

3

34

1-1.49

6

6

3

17

1.5-2.99

2

5

5

5

4

21

3-9.99

4

6

3

5

5

23

10-19.99

0

2

4

>19.99

0

0

0

3

3

6

Total

55

69

48

40

23

235

<0.1

13

13

9

2

0

37

0.1-0.49

44

40

48

34

2

168

0.5-0.99

18

12

8

4

4

8

0

1-1.49

0

43
0

13

1.5-2.99

6

5

10

4

3-9.99

2

5

5

8

2

22

10-19.99

0

2

0

2

0

4

> 19.99

0

0

0

Total

84

81

88

26

0
54

6

313
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Table 2. Continued.

Minimum Distance to Shore (m)
Pairs/2.56 km 2
80-100

>100

ha

<50

50-99

100-199

>499

Total

<0.1

14

14

12

3

o

43

0.1-0.49

44

67

30

6

o

147

0.5-0.99

15

17

17

3

1-1.49

6

8

10

o

1.5-2.99

9

10

6

2

3-9.99

6

4

5

3

2

>19.99

o

o

o

o

Total

95

121

80

17

4

317

<0.1

20

16

6

o

43

0.1-0.49

57

63

24

4

o

148

0.5-0.99

13

17

5

3

o

38

1-1.49

7

2

1.5-2.99

7

10

3-9.99

o

6

10-19.99
Total

105

High wetland densities are important for brood dispersal,
and therefore an important factor when considering island
management (Lokemoen and Woodward 1992). Proximity
of seasonal (Talent et al. 1982, Krapu et al. 2000) and
semipermanent (Raven et al. 2007) wetlands to nesting
habitats can be an important factor in determining survival
Considering landscape context,
rates of ducklings.

200-499

53

o

24
28

o

20

11

o

23

2

o

9

o

5

o

o

o

115

42

11

274

proximity of other seasonal or semipermanent wetlands may
Increase management efficiency through Increases In
duckling survival and subsequent increases in recruitment
rates. Numbers of nesting ducks using islands is unrelated
to local breeding duck pair densities (Shaffer et al. 2006);
however, areas with high breeding duck pair densities
generally have abundant and diverse wetland communities.
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Therefore, islands in areas with high breeding duck pair
densities are likely best suited for predator removal or other
habitat enhancements to increase recruitment rates. The
PPJV Implementation Plan states a recruitment rate (defined
as females fledging/adult female in the breeding population)
objective of 0.6 units during average conditions (Ringelman
et al. 2005), and the Step-down plan states a nest-success
objective of 40% in areas with >40 breeding duck pairs/2.56
km 2 (Dixon and Hollevoet 2005). Reynolds et al. (200 1)
estimated that recruitment rates for upland nesting ducks in
the Dakotas and extreme northeastern Montana would have
been approximately 30% lower during 1992-1997 without
perennial upland cover provided by the Conservation
Reserve Program (CRP).
Recruitment rate goals will
become more difficult to achieve in the future, pending
substantial losses of perennial upland cover, especially from
lands currently enrolled in USDA conservation programs,
such as the CRP.
Agriculturally dominated regions must incorporate
enhancement
techniques
either
through
predator
removal/exclusion or habitat enhancements (plantings or
rejuvenation).
Unfortunately, agriculturally dominated
regions generally lack opportunities for habitat
enhancements. Shaffer et al. (2006) determined mallards
and gadwalls nested preferentially on islands associated
with surrounding landscapes that had limited perennial
grass. Given the extensive use of brushy cover by ducks
nesting on islands (Lokemoen et al. 1984, Dahl et al. 1999),
efforts to create brushy cover on islands lacking nesting
habitat may be an efficient way to enhance island use by
breeding ducks.
This study was not designed to provide a complete
inventory of islands in North Dakota, but rather identifY a
sub-set of habitats available to waterfowl managers in most
years for enhancements to duck recruitment in North
Dakota. I assumed my estimates of island size and distance
from shore were adequate for making these management
decisions. Moreover, my determinations of island type
(man-made vs. natural) were provided for descriptive
purposes and to show relative contributions of each type to
island habitats within regions. Managers often are faced
with decisions for resource allocation, thus, man-made
islands constructed to enhance duck production should
receive priority for management over natural islands.
MANAGEMENT 1M PLICAnONS
If perennial grass cover continues to decline across the
PP JV, managing natural islands could be a powerful tool for
maintaining regional recruitment objectives.
Future
investigations on management efficacy should focus on
natural islands, specifically examining how predator
removal, brushy cover establishment, island size, and
distance from shore affect duck nest densities and
abundance, nest success, and duckling survival rates. Net
gains in waterfowl recruitment through island management

also must incorporate updated land cover imagery to
account for future losses in perennial upland grass cover.
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Bed Site Selection of Fawn Pronghorn in Custer State Park, South Dakota
CHAD P. LEHMANI, JAMIN D. HARTLAND, BARBARA J. KELLER, JOSHUA J.
MILLSPAUGH, AND GARY C. BRUNDIGE
Custer State Park, 13329 US Highway 16A, Custer, SO 57730, USA (CPL, JDH, GCB)
University of Missouri, School of Natural Resources, 302 Anheuser-Busch Natural Resources Building, Columbia, Missouri
65211, USA (BJK, JJM)
ABSTRACT We evaluated pronghorn (Antilocapra americana) fawn bedding site characteristics on a prairie and ponderosa pine
(Pinus ponderosa) landscape interface in Custer State Park, South Dakota. We radiomarked 16 adult female pronghorn and
collected bed site information from their fawns during 2007~2008. We compared bed site selection with random sites (n = 74)
during 2 periods; the early hiding phase when fawns were 1~28 days of age (n = 23 bed sites) and the later group phase when
fawns were 29~60 days of age (n = 52 bed sites). During the hiding phase fawns selected dry prairie-seminatural mixed grassland
at the course-scale level; group phase fawns selected prairie dog (Cynomys ludoviciana) dominated grasslands and dry
prairie-seminatural mixed grassland at the course-scale. Evaluation at the fine-scale indicated fawns during the group phase
period selected bed sites that had greater forb cover and overs tory canopy c(jver of ponderosa pine trees compared to random
sites. Management activities that promote a dynamic grassland ecosystem with patches of forb cover may enhance resources
selected as bedding habitat by pronghorn fawns during the group phase period.
KEY WORDS Antilocapra americana, bed site, Black Hills, Custer State Park, resource selection, pronghorn, South Dakota

Pronghorn (Antilocapra americana) occupy a wide
variety of habitats ranging from the Chihuahuan and
Sonoran deserts of northern Mexico to the Plains of central
Understanding
Canada (O'Gara and Yoakum 2004).
requirements of critical habitat, particularly during the early
life stages is essential for sound management of the species
(Yoakum 1972, 1974). Fawn recruitment may be the most
important factor dictating pronghorn population dynamics
(O'Gara and Yoakum 2004). Predation is the primary cause
of fawn mortality among pronghorn, and perhaps the most
important factor influencing fawn survival is habitat quality
and characteristics of bedding sites (Von Gunten 1978,
Tucker and Garner 1983, Byers 1997, Yoakum and O'Gara
2000).
Research III sagebrush-steppe habitats indicates
pronghorn fawns select bed sites with greater visual
obstruction provided by shrubs (Pyrah 1974, Autenrieth
1976); even though fawns select for greater shrub density,
they may avoid the tallest and most dense shrub stands that
are available (Alldredge et al. 1991). Information regarding
habitat selection from short and mixed-grass prairie habitats
is varied. In Texas, pronghorn fawns selected bed sites with
less vegetation and increased mortality was associated with
greater concealment cover (Canon and Bryant 1997).
Where shrub cover is limited, selection of bed sites using
small depressions or patches of bare ground provided
horizontal and vertical cover (Bromley 1977, Barret 1981).
Some researchers have hypothesized pronghorn fawns select
for areas with greater visual detection of predators versus
bed concealment (Bromley 1978, Smith and Beale 1980). A
recent study in Wind Cave National Park indicated

'Corresponding author. Email: Chad.Lehman@state.sd.us

pronghorn fawns selected grasses as bed cover; grassland
habitat was not limited in this area (Jacques et al. 2007).
Pronghorn in Custer State Park, South Dakota, share
resources with several large ungulate species including
bison (Bos bison), elk (Cervus elaphus), and deer
Coarse-scale
(Odocoileus virginian us, 0. hemionus).
resource selection and overlap of use among these species
are currently being investigated (Barbara J. Keller,
University of Missouri, unpublished data) and could have
implications for management of pronghorn habitat in Custer
State Park. However, little or no information is available on
finer scale habitat needs, such as bed site selection by
pronghorn fawns along a prairie and ponderosa pine (Pinus
ponderosa) ecotone. Our objective was to assess bed site
resource selection of pronghorn fawns at coarse
(third-order) and fine-scale levels (fourth-order; Johnson
1980) in Custer State Park. Based on previous literature, we
hypothesized that fawn bed sites would be greater in grass
cover and visual obstruction than random sites (Bromley
1977, Canon and Bryant 1997, Jacques et al. 2007).
STUDY AREA

Custer State Park (28,618 ha) was located in
southwestern South Dakota, and within the Black Hills
physiographic region (Johnson et al. 1995). Elevations
ranged from 1,146 to 2,042 m above mean sea level.
Northwest to southeast the Park has a marked gradation in
topography and vegetation communities. The northwest
was characterized by dense ponderosa pine/white spruce
(Picea glauca) forest with steep topography, the central
portion had rolling topography dominated by ponderosa
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pine forest, and the southeastern portion was slightly rolling
and dominated by grasslands. The climate was semi-arid
with mean annual precipitation of 50.6 cm at the northern
end of the Park (National Climatic Data Center 1971-2000)
and 46.8 cm at the southern end of the Park (Custer State
Park Climate Data 1983-2007). Mean annual temperature
was 6.6°C at the northern end of the Park (National Climatic
Data Center 1971-2000). The study area was mostly
coniferous forest dominated by ponderosa pine (55%).
Meadows (22%) included dry native prairie and seminatural
grasslands. Deciduous communities were rare (2%) and
were primarily bur oak (Quercus macrocarpa), aspen
(Populus tremuloides), green ash (Fraxinus pennsylvanica),
and to a lesser extent cottonwood (Populus deltoides).
Twenty percent of the study area was burned by wildfires in
1988, 1990, and 2007. Common woodland understory
species in the southern end of the Park included bearberry
(Arctostaphylos uva-ursi), swamp current (Ribes lacustre),
and common juniper (Juniperus communis), while
serviceberry (Amelanchier alnifolia) and chokecherry
(Prunus virginiana) occurred less frequently (Larson and
Johnson 1999). Common native grasses in the southern end
of the Park included needle-and-thread (Stipa comata),
western wheatgrass (Pascopyrum smithii), blue grama
(Bouteloua gracilis), little bluestem (Schizachyrium
scoparium), sideoats grama (Bouteloua curtipendul), and
buffalograss (Buchloe dactyloides; Larson and Johnson
1999). Western snowberry (Symphoricarpos occidentalis)
was a common shrub both in the pine forest and interspersed
in meadow habitats.

METHODS
Capture and Radiotelemetry
We captured and radiocollared female pronghorn during
fall (1-30 November, 2005-2007) using net guns
(DelGiudice et al. 2001, Jacques et al. 2009). We captured
pronghorns from a vehicle by deploying a 0.93 m 2 net from
a modified 0.308 caliber net gun (Coda Enterprises
Incorporated, Mesa, Arizona, USA). Following capture,
pronghorn were aged based on incisor wear and replacement
(Dow and Wright 1962). Radiocollars were placed around
the neck of adult pronghorns and transmitters were equipped
with activity and mortality signals (Advanced Telemetry
Systems, Isanti, Minnesota, USA). Pronghorn were located
systematically approximately every 48 hours throughout the
sampling period by visual observation aided with a
hand-held yagi antenna.

Fawn Monitoring and Bed Site Characteristics
When it became apparent each radiomarked female had
localized movements due to parturition, we attempted to
We
visually locate and count the number of fawns.
estimated the date of parturition for each female based on
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localized movements and visual observation of fawns. We
confirmed the existence of each female's fawn by observing
suckling behavior or observations of defensive behavior by
the female when the fawn was approached by investigators.
We determined diurnal locations of bed sites from fawns
2-60 days of age by viSUally observing fawns of
radiomarked females in their beds from 1 June-15 August.
Fawn behavior for the first 3 to 4 weeks of life is primarily
laying and hiding in cover away from its dam; subsequent to
this period, fawns typically group together with their dams
and possibly other conspecifics (Autenrieth and Fichter
1975). Therefore, fawn resource selection was evaluated
during 2 time periods; the early hiding phase (1-28 days of
age) and the later group phase (29-60 days of age). To
avoid temporal bias we stratified diurnal locations into
morning (sunrise-WOO), mid-day (1001-1400), and
afternoon (140 I-sunset) time Periods. We recorded bed site
locations with a Global Positioning System (Garmin Ltd.,
Olathe, Kansas, USA).
Habitat availability was determined at the third-order
(macrohabitat) scale (Johnson 1980) using resource maps
within ArcGIS 9.2 (Environmental Systems Research
Institute, Redland, California, USA). Available habitats for
possible resource selection in Custer State Park were based
on a priori information and consisted of grasslands and dry
ponderosa pine forest (Bromley 1977, 1978, Jacques et al.
2007). Vegetation descriptions of these macrohabitats were
based on the Black Hills Inventory which ground-truthed
polygons using a physiognomic-floristic classification
hierarchy
(Marriot
et
al.
1999,
Marriot
and
Faber-Langendoen 2000, Cogan et al. 2002). Each polygon
in the spatial database was interpreted using 1: 12,000 scale
color infrared aerial photography. Land cover categories of
macrohabitats included black-tailed prairie dog (Cynomys
ludoviciana) grassland, dry prairie grassland, riparian
shrub land,
dry
ponderosa
pine
forest,
dry
prairie-seminatural mixed grassland, montane grassland, and
seminatural grassland (Cogan et al. 2002). The prairie dog
grassland category represented areas occupied by
black-tailed prairie dogs with a variety of grasses and forbs
intermixed with bare ground patches. The dry prairie
grassland category included upland grasslands dominated by
a western wheatgrass-green needlegrass (Stipa virudula)
association and little bluesteil1 prairie.
The riparian
shrub land category was lowland watershed areas composed
primarily of western snowberry shrubs. The dry ponderosa
pine forest category was ponderOsa pine forest composed of
various structural stage and overstory canopy cover
categories. The dry prairie-setninatural mixed grassland
category was dominated by a mixture of native upland
grasses and introduced graminoid species. The montane
grassland category was post-fire grassland dominated by
poverty oatgrass (Danthonia spicata). The seminatural
grassland category was primarily composed of introduced
graminoid species such as smooth brome (Bromus inermis)
and Kentucky bluegrass (Poa prQtensis). This classification
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scheme resulted in 7 land cover categories (Table I). Fawn
bed locations were entered into a geographic information
system (GIS; ArcGIS, Environmental Systems Research
Institute) and overlaid with the Custer State Park Land
Cover Database. To estimate microhabitats selected by
fawns, we used proportional stratified random sampling
(Cochran 1977) within our study area to identifY available
microhabitats. Strata for the random sampling included land
cover categories described above. Using GIS, we identified
all polygons of the same vegetation classification, and from
these we randomly selected polygons without replacement.
Within each of these polygons we selected one random
point using the Hawth's tools extension in ArcGIS (Beyer
2004). We measured vegetation at random points and at
observed bed sites from 1 June-IS August of each year.
Random vegetation data was collected in a temporal manner
during the sampling period so that conditions were similar
to bed site data collection to avoid vegetation development
bias.
We quantified fourth-order vegetation characteristics
using transects centered at the bed or random site and data
collected along transects were averaged for each variable of
interest. Overstory canopy cover was estimated from SO
point measurements at 1-m intervals along 4 transects in the
cardinal directions using a GRS densitometer (Stumpf

1993). Understory visual obstruction readings (VOR) of
vegetation was estimated by placing a Robel pole with
2.S4-cm increments (Robel et al. 1970, Benkobi et al. 2000)
at the bed or random site and at an additional 12 points at
S-m increments in the 4 cardinal directions (n = 13). The
lowest visible increment on the pole was recorded from a
distance of 4 m. Investigators kneeled to a height of 1 m
while recording VOR (Robel et al. 1970). We estimated
percent canopy cover of total herbaceous cover, grass, forbs,
shrubs, and dominant plant species using a 0.1 m 2 quadrat
(Daubenmire 19S9). We estimated percent canopy cover at
the bed or random site and at 2-m intervals in the 4 cardinal
directions for the outer 10 measurements (n = 41). Tree
characteristics were measured in a single plot centered at the
bed or random site. We recorded all trees 2:1S.24 cm DBH
in a variable-radius plot using a 10-factor prism (Sharpe et
al. 1976). We recorded data for trees <IS.24 cm DBH in a
S.03-m fixed radius plot. Aspect was recorded using a
compas~ as the prevailing downhill direction from the site;
percent slope was estimated along this same gradient with a
clinometer.
Distance (m) to nearest edge such as a
meadow-ponderosa pine forest interface, or a change in
meadow type was measured using GIS and the land cover
database.

Table I. Selection of land cover categories (macrohabitats) for bed sites by pronghorn fawns during the hiding phase period
(1-28 days of age) in Custer State Park, South Dakota, 2007-2008.

Land Cover Categories a

Available
proportion b

Prairie dog grassland c

<0.01

Dry prairie grassland

0.07

Riparian shrubland

Use Counts

Selection ratio (C.l.)

Utilizati on b

o
4.24 (0.68-7.80)

o

0.07

0.64 (-0.93-2.21)

o

Dry ponderosa pine forest

0.33

0.14 (--O.17--O.4S)

Dry prairie-seminatural mixed
grassland

0.30

Montane grassland

0.22

Seminatural grassland

0.01

7

12

1.84 (1.01-2.68)

+

0.21 (-0.30-0.72)

o

0(0-0)

o

aLand cover categories were described using a physiognomic-floristic classification hierarchy for the Black Hills (Marriot et al.
1999, Marriot and Faber-Langendoen 2000, Cogan et al. 2002).
bUtilization of resources by pronghorn fawns were categorized as: selected (utilized more than available; +), random (equal
utilization; 0), and avoided (utilized less than available; -).
cPrairie dog grassland habitats were not included in chi-square analyses because the expected values were <S and there would be
a confounding effect on other coefficients.
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Table 2. Selection of land cover categories (macrohabitats) for bed sites by pronghorn fawns during the group phase period
(29-60 days of age) in Custer State Park, South Dakota, 2007-2008.
Available
proportion b

Use Counts

Prairie dog grassland c

<0.01

10

Dry prairie grassland

0.07

7

2.22 (0.17-4.27)

o

Riparian shrub land

0.07

0

0(0-0)

o

Dry ponderosa pine forest

0.33

3

0.22 (-0.05-0.49)

Dry prairie-seminatural mixed grassland

0.30

32

2.57 (2.01-3.14)

Montane grassland

0.22

0

0(0-0)

Seminatural grassland

0.01

0

0(0-0)

Land Cover Categories a

Selection ratio (C.l.)

Utilization b

+

+

o

aLand cover categories were described using a physiognomic-floristic classification hierarchy for the Black Hills (Marriot et a
1999, Marriot and Faber-Langendoen 2000, Cogan et al. 2002).
bUtilization of resources by pronghorn fawns were categorized as: selected (utilized more than available; +), random (equal
utilization; 0), and avoided (utilized less than available; -).
cPrairie dog grassland habitats were utilized more than available but were not included in chi-square analyses because the
expected values were <5 and the effect that such a large selection ratio would have on other coefficients.

Statistical Analyses
We used the Design II approach (Manly et al. 1993) to
estimate selection of macro habitat categories by fawns for
bed sites. Chi-square analysis was used to compare selected
resources to available habitats within the study area during
the early hiding and group phase observation periods.
Significance was determined at a = 0.10, and P-values for
selection of macrohabitats were adjusted to maintain
experiment-wide error rates at the predetermined a using the
Bonferroni inequality (Miller 1981).
The Bonferroni
adjustment included k = 6 habitat categories.
We summarized microhabitat characteristics for random
and fawn bed sites. For analyses of fine-scale resource
selection by pronghorn fawns we included a weight factor to
accommodate deviations from proportional sampling among
random strata (Cochran 1977). Each random site was
assigned a weight equaling P;* N/N i, where Pi was the
proportion of the entire study area comprised of a particular
stratum (i; vegetation classification), Nt was the total
number of random samples, and Ni was the number of
random samples in a particular stratum (i). Sites where we
observed bedded fawns received a weight of 1,0.

Because of the large set of possible covariates that could be
associated with bed site selection we reduced the number of
covariates by fitting logistic regression models with
individual continuous covariates (PROC LOGISTIC, SAS
Institute Inc. Cary, North Carolina, USA) and chi-square
contingency tables (PROC FREQ, SAS Institute Inc.) for
categorical covariates at P :S 0.10 (Hosmer and Lemeshow
2000, Steidl 2006). We selected a more liberal a-level
because the 0.05 level can fail to identify variables known to
be important (Hosmer and Lemeshow 2000).
Once a final set of covariates was determined relevant at
the P :S 0.10 level, we used stepwise logistic regression
(forward at P :S 0.15 for entry and P :S 0.10 for removal;
PROC LOGISTIC, SAS Institute Inc,) to compare bed and
random sites. Resource selection was evaluated for hiding
and group phase fawns. We calculated unit odds ratios and
95% confidence intervals to further evaluate importance of
covariates (Hosmer and Lemeshow 2000),
We used
Receiver Operating Characteristic (ROC) curves (SAS
Institute Inc,) as a predictive diagnostic to discriminate
between use and random sites in logistic models; we
considered ROC values between 0.7-0.8 acceptable
discrimination and values between 0.8-1,0 excellent
discrimination (Hosmer and Lemeshow 2000).
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Table 3. Means, SE, and comparisons of covariates measured for pronghorn fawn bed sites (n = 23) and random sites (n
74) during the hiding phase period (1-28 days of age) in Custer State Park, South Dakota, 2007-2008.
Bed site
Covariate

X

Comparison b

Random site
SE

X

North aspect (316-45°)"

1.0

17.0

West aspect (226-315 o )a

3.0

4.0

South aspect (136-225°)"

14.0

29.0

East aspect (46-135°)"

5.0

24.0

SE

Overalll test for aspect =

=

l

P-value

6.3

0.10

Overstory canopy cover

10.8

4.8

5.4

1.4

1.2

0.27

Basal area (m2/ha)

9.1

3.9

•
8.8

2.2

<0.01

0.95

Large tree (2: 15.23 cm) dbh (cm)

17.7

5.0

10.8

2.2

1.4

0.25

Small tree «15.23 cm) density (trees/ha)

9.2

6.5

3.1

1.8

0.9

0.35

Small tree dbh (cm)

0.7

0.5

0.3

0.2

0.7

0.41

Total herbaceous cover (%)

61.8

4.8

74.2

2.0

4.9

0.03

Grass cover (%)

49.9

5.3

64.4

2.4

4.9

0.03

F orb cover (%)

15.8

2.3

16.9

1.3

0.1

0.72

Shrub cover (%)

12.7

2.7

11.1

1.6

0.1

0.72

Visual obstruction (cm)

7.0

1.2

6.4

0.6

0.2

0.66

Slope (%)

13.4

2.8

15.1

2.4

0.1

0.74

Edge (m)

12.2

1.9

21.0

3.6

2.4

0.12

aTotal no. instead of means (SE) for bed sites and random sites in each categorical variable.
b We fit single-variable logistic regression models for continuous covariates and we used contingency
:ables for categorical covariates. Blank cells equal no data.

RESULTS
Fawn Bed Site Metrics
:::apture and Radiotelemetry
We captured and radiomarked 16 adult pronghorn
emales during fall 2006-2008. Over the study period,
adiomarked females produced 44 fawns. Range of dates
tbserved for parturition of fawns from radiomarked females
vas 27 May through 10 June, 2007-2008.

Over the two-year study period, 16 female pronghorn
with fawns were included in our analyses, resulting in 75
bed sites (23 hiding phase observations, 52 group phase
observations); bed sites were compared with 74 random
sites.
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Table 4. Logistic regression model which fit several covariates for the comparison of bed and random sites during the
hiding phase period (fawns 1-28 days of age) in Custer State Park, South Dakota. Odds ratios and 9S% confidence
intervals are presented for covariates used in the final model a.
Odds ratio b

Confidence interval

Grass cover (%)

0.97

0.94 - 1.00

East aspect

0.96

0.30 - 3.01

North aspect

0.20

0.04 - 1.11

South aspect

1.41

O.SI- 3.92

Covariate

aRegression model: u = 1.31 - 0.03 (grass cover [%]) - 0.04 (aspect [east]) - 1.59 (aspect [north]) + 0.34 (aspect
[south]).
bUnit odds ratios> 1 indicate a positive relationship and <I indicate a negative relationship with the response variable.

Course-scale Resource Selection-During the hiding
phase there were no differences
75 = 39.8, P = 1.00) in use
of habitats by fawns among individual radiomarked
pronghorn. However, resource use was not proportional to
5= 26.9, P < 0.001) at the course-scale level.
availability
Dry prairie-semi natural mixed-grassland was selected and
dry ponderosa pine forest and montane grassland vegetation
communities were avoided (Table I). Prairie dog grasslands
were not included in chi-square analysis due to small sample
size of availability «I % of samples), but did not appear to
be selected with only 1 observed bed site during the early
hiding phase.
75, =
During the group phase there were no differences
29.S, P = 1.00) in use of habitats by fawns among individual
radiomarked pronghorn. However, resource use was not
5 = 62.6, P < 0.001) at the
proportional to availability
coarse-scale. Prairie dog towns were selected by pronghorn
fawns (Table 2). Prairie dog grasslands were not included
in chi-square analysis due to small sample size of
availability «I % of samples) and large sample size of use
sites and sensitivity of the analysis to such extreme sample
sizes. Dry prairie-seminatural mixed grassland also was
selected but dry ponderosa pine forest and montane
grassland vegetation communities were avoided during the
group phase period (Table 2).
Fine-scale Resource Selection-During the hiding phase,
some metrics differed between bed sites and random sites at
the fine scale (Table 3). Fawns avoided bedding on north
facing aspects compared to random sites. Also, total
understory cover of herbaceous vegetation and grass cover
were greater at random sites (Table 3).
Total herbaceous cover and grass cover were correlated
(r = 0.93) and only grass cover was used in the final hiding
phase resource model. The final hiding phase model
included grass cover and aspect (Table 4). Odds ratios
indicated grass cover and aspect had little association with
bed site selection. Discriminatory capability of the final
model was marginally adequate as the ROC value = 0.74.

cr

cr

cr

cr

During. the group phase fawns bedded under greater
overstory canopy cover of ponderosa pine compared to
random sites (Table S). Also, fawns selected sites with less
grass and shrub cover but greater forb cover compared to
random sites. Fawns selected for less visual obstruction and
sites occurred on more gentle slopes.
The final group phase resource model included forb
cover, overstory canopy cover, visual obstruction, and slope
(Table 6). Forb cover and overstory pine canopy cover were
positively associated with selection of bed sites (odds ratios
> 1.06). Confidence intervals indicated visual obstruction
and slope had little association with bed sites (Table 6).
Discriminatory capability of the final model was adequate
as the ROC value = 0.81.

DISCUSSION
Coarse-scale bed site selection of pronghorn fawns in
Custer State Park included prairie dog dominated grasslands
and mixed grasslands composed of upland native species
and seminatural graminoids. Similar to our study, doe and
fawn groups used primarily native grass uplands and prairie
dog towns during spring and summer in Wind Cave
National Park (Wydeven and Dahlgren 1985). Meadows
only comprise 22% of Custer State Park, yet selection of
bed sites for a diversity of grasses and forbs was evident.
Bromley (1978) hypothesized bed site selection was based
on a behavioral response to predation and that sites were
selected to increase visual detection of predators. Perhaps
patches of adequate forb cover within a matrix of diverse
grasslands are attractive for bedding fawns because it may
allow them to visually detect approaching predators while
still providing enough cover for hiding.
Previous investigations of fawn bed site selection at the
fine-scale level indicated fawns selected for greater visual
obstruction from increased grass cover at the northeastern

Lehman et al. . Fawn Pronghorn Bed Sites

106

Table 5. Means, SE, and comparisons of covariates measured for pronghorn fawn bed sites (n = 52) and random sites (n = 74)
during the group phase period (29-60 days of age) in Custer State Park, South Dakota, 2007-2008.
Bed site
Covariate

X

Comparison b

Random site
SE

X

North aspect (316-45°)"

5.0

17.0

West aspect (226-315°)"

8.0

4.0

South aspect (136-225°)"

27.0

29.0

East aspect (46-135°)"

12.0

24.0

SE

Overalll test for aspect =

l

P-value

5.4

0.15

Overs tory canopy cover

13.0

3.1

5.4

1.4

3.2

0.07

Basal area (m2/ha)

10.8

2.9

• 8.8

2.2

0.2

0.67

Large tree (2: 15.23 cm) dbh (cm)

16.5

3.3

10.8

2.2

l.3

0.26

Small tree «15.23 cm) density (trees/ha)

9.0

6.9

3.1

1.8

0.5

0.50

Small tree dbh (cm)

0.4

0.3

0.3

0.2

0.1

0.82

Total herbaceous cover (%)

71.5

2.7

74.2

2.0

0.4

0.52

Grass cover (%)

53.6

3.3

64.4

2.4

4.4

0.04

Forb cover (%)

26.9

2.4

16.9

l.3

8.4

<0.01

Shrub cover (%)

6.5

1.3

11.1

1.6

3.1

0.08

Visual obstruction (cm)

4.4

0.5

6.4

0.6

3.8

0.05

Slope (%)

9.5

1.0

15.1

2.4

3.2

0.07

Edge (m)

20.0

4.0

21.0

3.6

0.01

0.88

aTotal no. instead of means (SE) for bed sites and random sites in each categorical variable.
fit single-variable logistic regression models for continuous covariates and we used contingency tables for
categorical covariates. Blank cells equal no data.
bWe

fringe of their range (Bromley 1977, Jacques et al. 2007).
Our logistic models failed to discriminate resource use at the
fine-scale during the hiding phase perhaps because of the
small sample size of observations during that period.
However, another confounding factor may include the vast
availability of adequate resources such as grass cover.
Grass was the predominant form of cover, but percent of
?;rass cover at bed sites was less than available. During the

group phase there was some discrimination of bed sites as
fawns selected for greater overstory canopy cover of pine
trees and greater forb cover. Many of our bed site
observations were taken at the periphery of prairie dog
towns, or along the edges of high density forb cover within
a matrix of grassland habitat. Within the center of prairie
dog towns much of the visual obstruction of grass cover had
been removed and forbs were the dominant vegetation type.
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Table 6. Logistic regression model which fit several covariates for the comparison of bed and random sites during the grou~
phase period (fawns 29~60 days of age) in Custer State Park, South Dakota. Odds ratios and 95% confidence intervals are
presented for covariates used in the final model a .
Covariate

Odds ratio b

Confidence interval

Forb cover (%)

1.09

1.03

Overs tory canopy cover (%)

1.06

1.02 ~ 1.10

Visual obstruction (cm)

0.89

0.78

~

1.02

Slope (%)

0.98

0.93

~

1.02

~

1.14

aRegression model: u = - 0.78 + 0.09 (forb cover [%]) + 0.06 (overstory canopy cover [%]) - 0.11 (visual
obstruction[cm]) - 0.02 (slope[%]).
bUnit odds ratios> I indicate a positive relationship and < 1 indicate a negative relationship with the response variable.

All of our bed site observations were collected during
diurnal periods and pronghorn were most likely using
ponderosa pine trees as shade to remain cool during hot
periods of the day. Use of trees by pronghorn for shade is
scarcely documented in the literature. Yoakum (1980)
observed use of shade trees in Oregon and California but did
not quantify use versus availability. It is important to note
that most pronghorn research projects have been conducted
in prairie or sagebrush-steppe landscapes and not in areas
with trees. Therefore, we hypothesize in these fringe
environments that pronghorn will take advantage of
favorable microclimate conditions provided by overstory
cover, provided other needs are met. Although such shading
might not offer any energetic benefits, shading provides
cooler and more comfortable conditions (Cook et al. 1998).
Nevertheless, dry ponderosa pine forests were avoided at the
coarse-scale, and ponderosa pine trees used as shade were
primarily small patches or single trees found in prairie dog
dominated grasslands and mixed grasslands.
Bromley (1978) and Smith and Beale (1980) found
fawns selected for bed sites with less concealment, and they
surmised this allowed for greater visual detection of
predators. Alldredge et al. (1991) found that fawns selected
bed sites where cover was sufficient but still allowed for
visual detection of predators. In our study, fawns during the
group phase often would bed on the periphery of prairie dog
towns characterized by greater forb cover with less grass
cover. Perhaps such resource selection in Custer State Park
allowed fawns to better detect approaching predators.
MANAGEMENT IMPLICATIONS

Pronghorn fawns selected bed sites on the periphery of
prairie dog towns and in diverse grasslands composed of
upland native species and seminatural graminoids.
Diversity of grasses and forbs was greatest on the edges of

prairie dog towns and upland native prairie. The peripher
of prairie dog towns typically is lower in prairie dog densit
than in the center, and experiences less foraging activity b
prairie dogs allowing relatively taller vegetation on th.
periphery versus the center of the prairie dog town. Thi~
may support the maintenance of towns to be dynamic, or 0
relatively young age and smaller size for a greater edge tc
area ratio and avoiding management for stagnant prairie do~
colonies.
Additionally, management activities should
provide for a diversity of grassland habitats and areas of
grassland habitat that are dominated by a single species such
as smooth brome (Bromus inermis) should be avoided.
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Patterns of Bison Hair Use in Nests of Tallgrass Prairie Birds
BRYAN R. COPPEDGE
Tulsa Community College - West, 7505

w. 41 st St., Tulsa, OK 74107, USA

ABSTRACT I examined patterns of bison (Bison bison L.) hair use by passerine birds nesting in the Tallgrass Prairie Preserve,
Osage County, Oklahoma, 2002-2004. I collected and dissected 103 nests of 15 species into their constituent components. Nests
were predominately composed of herbaceous material such as grass stems and leaves. Woody material and mud were rarely used.
Bison hair was the most prominent zoological material used in nests, with lesser amounts and occurrence of arthropod silk, snake
skin, feathers, jack rabbit (Lepus califamicus Oray) fur, and man-made materials such as cellophane and string. At least one nest
of 13 bird species and 42% of all nests collected contained bison hair. The proportion of bison hair composition was highest for
smaller nests, and hair use was greatest for nests built higher off the ground. This suggests that bison hair may have an important
role as nest insulation for both small-bodied species and for aboveground nesters more exposed to wind and precipitation on this
grassland site.
KEY WORDS bird nest, bison, hair, nest, predation, tallgrass prairie

Birds are known to use a wide variety of natural
materials to build their nests. Animal dung, hair and fur,
feathers, snake skin, fungal material, aromatic plants and
lichens are all used by various species to construct, enhance
or camouflage their nests (Hansell 2000). These materials
often are selected for use in nesting based on key
advantageous properties they provide.
For example,
burrowing owl (Athene cunicularia) use of dung to line nest
tunnels is used primarily as a tool to attract dung beetles
(Coleoptera: Scarabeidae), an important food source for
adults and developing nestlings (Levey et al. 2004). Use of
snake skins by nesting great-crested flycatchers (Myiarchus
crinitus) has long been thought to function as a predator
deterrent (Suthard 1927, Whittle 1927).
A recent
experiment by Medlin and Risch (2006) supports this
hypothesis, as addition of rat snake (Elaphe obsolete) skins
reduced predation on artificial cavity nests by southern
flying squirrels (Glaucomys volans). Feathers and fur
provide excellent nest insulation, and are intensively and
extensively sought after in some bird communities (Hansell
1995, Hansell and Ruxton 2002). van Riper (1977) found
that a community of Hawaiian birds readily used wool from
introduced sheep in their nests. Related work found that
nest density and insulation efficiency varied as a function of
elevation, with denser and better insulated nests being built
at higher altitudes exposed to colder conditions (Kern and
van Riper 1984).
In 1993 approximately 300 bison (Bison bison L.) were
reintroduced in the Tallgrass Prairie Preserve (TOPP) in
Oklahoma (Hamilton 2007). During post-reintroduction
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surveys of woody vegetation (Coppedge and Shaw 1997), I
encountered numerous bird nests containing bison wool and
hair. To my knowledge, use of bison hair by North
American grassland birds has not previously been
documented in the ecological literature. My objective was
to document prevalence and patterns of bison hair use by a
community of nesting tall grass prairie passerines in TOPP.
Because hair often is used for nest insulation (Hilton et al.
2004) and increases as nest are built higher off the ground
due to increased exposure to wind and precipitation (Kern
and van Riper 1984), I hypothesized that use of bison hair
for insulative properties would increase as distance above
ground of nests increases. Secondly, smaller birds have a
higher surface-to-volume ratio, so lose body heat more
rapidly than larger birds. Since smaller birds tend to build
smaller nests (Slagsvold 1989), I hypothesized that
proportionate use of insulating materials such as bison hair
would be higher in smaller nests.
STUDY AREA
The study was conducted at TOPP in Osage County,
Oklahoma (36°50'N, 96°25'W), a 15,700 ha site owned and
managed by The Nature Conservancy.
Bison were
reintroduced in 1993 to a 1,960 ha unit of TOPP. Internal
recruitment and herd additions gradually increased the
population and new areas were allocated for bison access.
During 2002-2004, approximately 1,500 bison occupied a
5,826 ha portion of the preserve (Hamilton 2007).
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Table I. Structural composItIOn of bird nests collected on the Tallgrass Prairie Preserve, Oklahoma, 2002-2004. Values
represent means except for species represented by a single nest, for which actual nest measurements are presented. H represents
the number of nests found containing bison hair, with N representing the total nests found for each species.
Composition (g)
Species (hair use)*

HIN

Herbaceous

Hair

Other

Hair (%)

Nest mass
(g)

Location ht.
(cm)

American goldfinch (?)

7112

6.4

0.8

0.0

10.5

7.1

126

American robin (N)

0/1

28.3

118.0

410

Blue grosbeak (Y)

114

8.0

0.3

0.4

2.4

8.6

212

Bell's vireo (Y)

6/7

2.5

0.5

0.4

15.3

3.4

143

Common grackle (Y)

2/5

26.3

0.1

3.2

0.2

29.5

159

Common yellowthroat" (Y)

III

11.8

0.0

0.3

11.9

46

Dickcissel (Y)

0/7

6.6

6.6

57

Eastern kingbird (Y)

114

16.5

0.8

2.9

17.3

241

Field sparrowb (Y)

4/4

8.3

0.4

0.1

4.0

8.7

70

Gray catbird (Y)

3/3

9.5

0.8

0.1

6.9

10.3

69

Indigo bunting (Y)

III

6.6

0.3

0.3

4.2

7.3

145

Lark sparrow (Y)

2/2

12.4

0.1

2.5

0.4

15.0

35

Loggerhead shrike (Y)

112

14.5

0.1

14.3

0.2

28.9

389

Orchard oriole (N)

3/9

6.1

0.5

0.1

6.7

6.7

204

89.7

0.0

Red-winged blackbird (N)
13/41
18.6
0.3
0.0
1.3
18.9
90
*Hair usage determined from descriptions of nest materials provided by Baicich and Harrison (1997). Y = confirmed usage of
animal hair, N = hair usage not mentioned, ? = use of wool, fibers or similar materials listed. Blank cells represent no data. a
(Geothlypis trichas); b (Spizella pusilla).

METHODS
The TGPP is managed with a spatially and temporally
variable fire-grazing model that strongly drives bison
grazing location preferences (Coppedge and Shaw 1998),
which consequently imparts a spatio-temporal effect on
bison distribution that contributes to deposition of hair and
wool (Coppedge and Shaw 1997, 2000). To standardize
nest surveying efforts and avoid bias in documenting hair
usage by collecting nests only in areas of bison activity, a
set of 10 500 m transects were established within bison use
areas.
Transects were surveyed for nests each year
regardless of their location relative to recently burned areas
used frequently by bison (Coppedge and Shaw 1998). Two
to four people surveyed each transect and search effort was
standardized by adjusting the amount of time spent nestsearching on each transect. Approximately 50% of transects
were established in upland prairie sites dominated by
grassland, and 50% were established in riparian zones and
along edges of wooded areas. Transects were not placed
within the heavily-wooded Crosstimbers forest present on
the preserve (Hamilton 2007). Although ground-nesting
grassland birds dominate the TGPP (Coppedge et al. 2008),

this group is less prevalent in their use of hair as a nest
material (Baicich and Harrison 1997). Thus, surveyors
focused on finding above-ground nests of open-cup nesting
passerines.
Cavity nests, mourning dove (Zenaida
macroura), and raptor nests also were excluded. When
located, nest builders were identified and nest locations
noted but nests were not collected until the end of the
breeding season. Height to the bottom of the nest cup was
measured at the time of collection.
Nests were returned to the lab, placed in a drying oven
for 24 h at 38°C, and weighed to the nearest 0.001 g on an
analytical balance.
Nests were disassembled and
components were initially separated into five categories and
subcategories; woody material (bark and twigs), herbaceous
material (non-woody plant stems, leaves, flower parts,
fibers, lichens and moss), zoological material (hair and fur,
arthropod silk, snake exuviae, feathers), manmade items
(string, plastics, cellophane), and soil/mud. Each category
of material was bagged separately, dried again for 24 h a1
38°C, and weighed to the nearest 0.001 g.
Subsamples of hair and fur and any unknown materia
were examined microscopically to confirm identificatior
Both published sources and a reference collection mad
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from road-kill carcasses and live trapping of local fauna
were used to aid in identifying hair and fur found in nests
(Bruner and Coman 1974, Deedrick and Koch 2004, Dreyer
1966).
After initial sorting and weighing of nest
components, it became evident that composition of most
nests could be simplified into three categories based on
mass; herbaceous materials, hair and fur, and miscellaneous,
an inclusion of all remaining materials.
Previously documented hair use for species in this study
was noted from nest descriptions provided by Baicich and
Harrison (1997).
Initial statistical summaries of nest
composition, total mass, and location height were calculated
for each nesting species. Because red-winged blackbird
(Agelaius phoeniceus) nests were collected most frequently,
I analyzed this species separately from a pool comprised of
all other species to avoid biasing subsequent statistical
analyses. Frequency distributions were then used to classify
nests for I-Factor ANOY A significance tests of hair usage

patterns relative to nest mass and location (height). Natural
breaks in the distribution of nest height data were used to
assign nests into 3 height classes: low (::;75 cm),
intermediate (75-125 cm), and high (> 125 cm). These
height classes were used for both the pooled species group
and red-winged blackbird nests. Natural breaks in nest mass
(dry weight) data produced three mass classes for the pooled
species group: light «7 g; n = 27), moderate (7-10 g; n =
17) and heavy (> 109; n = 18). However, these classes
could not be used for red-winged nests as this relatively
large species built larger nests. Thus, I partitioned redwinged nest mass data into moderate «20 g; n = 21) and
heavy (>20 g; n = 20) categories for subsequent analyses.
During initial summaries I also encountered a nearly 10-fold
difference in mean nest mass, so I calculated percent hair
composition by dividing hair mass by total nest mass,
thereby standardizing hair use across this broad nest size
range.
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Figure 1. Relationships between bison hair use and nest height for bird nests collected on the Tallgrass Prairie Preserve,
Oklahoma, 2002-2004.

RESULTS
I collected and dissected 103 nests of 15 species into
their constituent components (Table 1).
Red-winged
blackbird nests were collected most often, followed by nests
of American goldfinch (Carduelis tristis), orchard oriole
(lcterius spurius), dickcissel (Spiza americana), and Bell's
vireo (Vireo bellii). Herbaceous material constituted the
majority of the mass of most nests of most species.

Exceptions included a large amount of soil/mud found in
nests of the American robin (Turdus migratorius) and
common grackle (Quiscalus quiscala), and large amounts of
woody material in lark sparrow (Chondestes grammacus)
and loggerhead shrike (Lanius ludovicianus) nests, resulting
in a notably higher mean nest mass for these species. Other
notable nest materials included various amounts of snake
skin and cellophane in nests of the blue grosbeak (Passerina
caerulea), indigo bunting (Passerina cyanea), and Bell's
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vireo and feathers in loggerhead shrike and American
goldfinch nests.
Common grackles and red-winged
blackbirds constructed the largest herbaceous-dominated
nests. The smallest nests were those of Bell's vireo with a
mean mass of3.43 g (Table 1).
Eleven species whose nests were located in this study are
known to use animal hair in their nests, but at least one nest
of 13 species and 42% of all nests collected contained bison
hair (Table 1). Eastern kingbirds (Tyrannus tyrannus) used
the highest absolute amount of bison hair (x = 0.83 ginest,
SE = 0.41) followed by gray catbirds (Dumatella
carolinensis; X = 0.78 ginest, SE = 0.30) and American
goldfinches (x = 0.76 ginest, SE = 0.24). Only the single
nest of the American robin and dickcissel nests contained no
bison hair. Aside from bison, hair from only one other
mammal was found in a nest. A red-winged blackbird nest
collected in 2003 contained fur from a black-tailed jack
rabbit (Lepus califarnicus Gray) mixed with an equal
quantity of bison wool.
Hair constituted the highest percentage composition of
nests of Bell's vireo, American goldfinch, gray catbird, and
orchard oriole, respectively. Hair constituted as little as
0.2% of loggerhead shrike and common grackle nests, but
>15% of Bell's vireo nests (Table 1). Hair use patterns in
this bird community also varied with nest location height
and nest mass. Hair use increased significantly with nest
height for red-winged blackbirds (F2,32 = 8,94, P = 0.001)
and the pooled species group (F2,42 = 3.40, P = 0,04),
averaging nearly 1,5 and 0.9 g, respectively, for nests built
above 125 cm (Fig. I).
Percent hair composition was higher (F2 ,59 = 3.18, P =
0.05) for smaller nests of the pooled species group and
declined as nests became larger.
In contrast, hair
composition increased (F/,39 = 4.60, P = 0.04) as nest mass
increased for red-winged blackbirds (Fig. 2).

DISCUSSION
Thirteen species of passerine birds nesting at the TGPP
used bison hair as a nest component. Hair use was highest
in smaller nests and those built higher off the ground. This
suggests bison hair could have an important role as nest
insulation for both smaller-bodied species and aboveground
nesters that are more exposed to wind and precipitation on
this grassland site. Nest insulation is a key concern for
nesting birds, and no other material is as efficient or sought
after by nesting birds as feathers (Hansell 1995, Hansell and
Ruxton 2002). However, feathers lose this advantage over
other materials when they are wet. Experiments have
shown that the best insulators when wet are hair and grass
(Hilton et al. 2004). This may explain why feathers are
more commonly used by cavity nesters whose nests are less
exposed and less likely to get wet, whereas hair use is
common in open cup nesters exposed to precipitation
(Baicich and Harrison 1997). Although I was unable to
investigate nest insulation in this study as nests were
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destructively sampled, additional research may reveal bison
hair use has a significant impact on nest thermodynamics,
especially in smaller nests comprising a higher percentage
of hair. It is also worth noting that the largest nests of redwinged blackbirds contained the highest percentages of hair
in contrast to other species. However, this may result from
the fact that many of these nests also were located higher off
the ground. Thus, there may be an interaction between nest
height, size, and insulation efforts for this species at this site
that deserves further study.
Bison hair use in nests also may affect nest detectability
and predation. Birds employ a number of strategies to
decrease olfactory signals emitted during nesting (Conover
2007).
During incubation, ground-nesting red knots
(Calidris canutus) change the chemical composition of their
preening wax secretions to a form less detectable by
olfactory-searching predators (Reneerkens et al. 2005).
Most species quickly remove eggshells and fecal sacs frorr
their neffts to reduce cues predators could use to locate nests
Bison hair may function like carnivore dung added to nest:
of the common waxbill in Africa, serving as an olfactor)
camouflage or predator deterrent for the nest, subsequently
incubating adult and developing young (Schuetz 2004).
Limited studies have addressed the potential of nest
materials such as feathers and hair to alter the detectability
of open-cup nests to predators. Moller (1987) found that
open-cup nests with added feathers suffered more predation
than nests lined with hair from the European hare (Lepus
europaeus). In contrast, Huhta et al. (1998) reported no
difference in predation between nests lined with reindeer
(Rangifer tarandus) hair and feathers from domestic
chickens (Gallus damesticus). Additional research will be
undertaken to investigate the potential influence of bison
hair on nest detectability and predation.
Bison hair was widely used by birds nesting at TGPP and
found in 42% of nests collected during this study. However,
local availability of bison hair was not quantified in this
study. To what extent nesting birds at the TGPP will travel
in search of bison hair and the level of competition for hair
is unknown.
Also unknown is the novelty of these
observations and the historical context of bison hair use by
birds nesting in the Great Plains.
Bison historically
numbered nearly 60 million (Shaw 1995), so presumably
bison hair would have been available each spring to some
nesting birds. No prior published records exist of this
phenomenon, though most of the species in this study are
known to use animal hair as nesting material (Table 1).
Loggerhead shrikes, for example, are even known to use
cattle hair for nest lining (Porter et al. 1975). Thus, like
other fibrous materials used in nests (McFarland and
Rimmer 1996), bison hair may simply be a locally abundant
natural material readily used by nesting birds. Additional
research also will be undertaken to examine museum nest
specimens to determine if those collected in the Great Plains
before bison extirpation in the late 1800s also may have
contained bison hair.
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Figure 2. Relationships between percent bison hair nest composition and nest mass for bird nests collected on the Tallgrass
Prairie Preserve, Oklahoma, 2002-2004.

MANAGEMENT IMPLICATIONS
Use of bison hair by nesting birds also may have
important management and conservation implications.
Populations of many grassland birds and neotropical
migrants are rapidly declining in North America (Brennan
and Kuvlesky 2005). Many species with notable population
declines, such as the orchard oriole (Reinking 2004) and
Bell's vireo (Sauer et al. 1996), were found to use bison hair
in substantial quantities in this study. Thus, future research
may find that the novel phenomenon of bison hair use
directly improves local nest success for avian species of
conservation concern. This indirect effect of bison on the
local avifauna may differ substantially from that of cattle
who have generally replaced bison across the Great Plains.
Results of this study add an additional perspective to the
keystone role bison are noted to have played historically in
Great Plains grasslands (Knapp et al. 1999).
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Mortality of Cranes (Gruidae) Associated with Powerlines over a Major
Roost on the Platte River, Nebraska
2
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ABSTRACT Two 69-kilovolt powerlines spanning the Platte River in south central Nebraska are suspected to cause substantial
mortality to sandhill cranes (Grus canadensis) and pose a threat to endangered whooping cranes (G. americana) that roost
overnight on the river during spring and fall migrations. Most studies of crane collisions with powerlines in the region have
focused on counts of carcasses away from night roosts on the river and none have accounted for potential biases in detecting
carcasses. We found 61 carcasses of sandhill cranes below over-river segments of the two powerlines during 4 March to 7 April
2006 and 90 such carcasses between 5 March and 13 April 2007. In 2007 we estimated the number of carcasses undetected in our
surveys due to removal by scavengers, loss to downstream flow, and observer oversight. We estimated between 165 and 219
sandhill cranes were killed by the two powerlines during spring 2007. These cnlculations exclude mortalities from individuals
injured by powerline collisions and dying elsewhere, as well as those killed before or after our 5 March to 13 April survey period.
We detected no evidence of mortality for whooping cranes during our surveys. Our results corroborate anecdotal evidence of
signficant sandhill crane mortality each spring due to collisions with above-ground powerlines at this major night roost.
Collisions by sandhill cranes will continue and collisions by Whooping cranes seem likely unless an effective means of averting
birds from powerlines is implemented at this site.
KEY WORDS detectability bias, Grus americana, Grus canadensis, migratory birds, mortality, Nebraska, Platte River,
powerline collision, sandhill crane

Above-ground powerlines and associated structures
cause mortality to many species of migratory birds via
collision and electrocution (Scott et al. 1972, Morkill and
Anderson 1991, Bevanger 1994, Lehman 200 I), but the
mortality rates often remain unquantified. Five high-voltage
powerlines cross the Platte River in south central Nebraska
between the towns of Lexington and Grand Island. The
broad floodplain formed by this river provides the most
important migration stop for sandhill cranes (Grus
canadensis) in North America. About 500,000 sandhill
cranes, three-fourths of the world's population, stage in the
area each spring during their northward migration (Krapu et
al. 1984, Sharpe et al. 2001). The area also is used annually
as a stopover by migrating whooping cranes (G.
americana), a species federally listed as endangered in the
United States and Canada, with as many as 82% of
migrating individuals passing through this 140-km corridor
(Dunlap 1991, Stehn and Wassenich 2008). Both crane
species regularly roost overnight among the river's shallow
waters, sparsely vegetated islands, and sandbars.

Several studies have documented powerline collisions by
cranes throughout North America during migratory
movements and in their summer and winter ranges (Morkill
and Anderson 1991, Stehn and Wassenich 2008). Powerline
collisions represent the greatest source of mortality for
whooping cranes of flying age (Brown and Drewien 1995,
Stehn and Wassenich 2008). Conceivably, both species of
cranes are equally vulnerable to powerline collision along
the Platte River, in fact we (JTR and RRH) documented
whooping cranes altering their flight to avoid striking
powerlines near an overnight roost. Ward et al. (1987)
discovered the remains of 130 sandhill cranes below a
sample of nine 1.6-km segments of power line over uplands
near the Platte River during spring 1986 and 1987.
Windingstad (1988) found the remains of 51 sandhill cranes
below a segment of powerline near a night roost on the
Platte River.
Despite such high incidences of crane
collisions, to date there are no published estimates of total
crane mortality associated with above-ground powerlines
that span roost sites used by cranes in North America's
Our objective was to document direct
Great Plains.

I Present Address: Department of Fish, Wildlife and Conservation Ecology, New Mexico State University, Las Cruces, NM,
USA 88003. E-mail address: wrightgd@nmsu.edu
2 Present Address: U.S. Fish and Wildlife Service, P.O. Box 1686, Kearney, NE, USA 68848
3 Present Address: Division of Migratory Birds, U.S. Fish and Wildlife Service, P.O. Box 1306, Albuquerque, NM, USA 87103.
Corresponding author. Email: robert_ murphy@fws.gov

The Prairie Naturalist· 41 (3/4): December 2009

117

evidence of crane mortality as well as estimate total
numbers of cranes killed at a roost site on the Platte River
spanned by two arrays of 69-kilovolt powerlines.
STUDY AREA
We conducted our study at the National Audubon
Society's Lillian Rowe Sanctuary (hereafter, Rowe), which
includes nearly 4 km of 250- to 500-m wide, sandy river
channel and adjoining grassy meadows and cropfields in
Buffalo and Kearney counties, Nebraska (40°40'12" N;
98"53'12" W).
Open, unobstructed roost habitat is
maintained for cranes and other birds in the river channel
through heavy discing to control tall vegetation, especially
woody plants such as willow (Salix spp.) and eastern
cottonwood (Populus deltoides). The channel is braided
with sandbars and islands. Water flows vary daily on the
river in spring; most water is less than 0.5 m deep. Sandhill
cranes and whooping cranes roost in the area mainly during
late February through mid-April and mid-March through
late April, respectively. Typically, cranes leave night roosts
on the river during the first 2 hours after sunrise to feed in
surrounding wet meadows and farmlands and return to night
roosts during the last hour of daylight.
One powerline array crosses the Platte River about 100
m west of the visitor center at Rowe and the other is 1.8 Ian
east of the visitor center. Each powerline array consists of
two nonelectrified "static" wires suspended about 15 m
above the ground and three transmission "conductor" wires
about 5 m below these (powerlines of 69 kilovolts and
greater often are called transmission lines). Wires are
supported by H -frame structures, each having two wooden
vertical poles. The western powerline includes a support
structure amid the river channel. The eastern powerline has
a support structure on either river bank, but none in the river
channel. Bank-to-bank spans of the western and eastern
powerlines are 301m and 283 m, respectively. Several years
prior to our study, 0.2-m long spiral vibration dampers were
placed about every 6 m on the static wires to decrease bird
mortality (Brown and Drewien 1995).
METHODS
In 2006, we established a 100-m wide quadrat centered
on each powerline array with ends bounded by the river
banks. We extended width of the quadrats to 120 m in 2007
to better account for birds that may glide after contacting
powerlines. Prior to conducting our initial surveys each
year, we searched quadrats and removed all bird remains.
To locate crane carcasses in a quadrat, one searcher (TJS or
GDW in 2006, ns in 2007) walked slowly (3-4 km/hr) in a
zig-zag pattern down one-half of the quadrat then back on
the other half. We searched the area beneath each powerline
twice each week in 2006 and three times each week in 2007,
except a severe snowstorm in 2006 postponed three
consecutive searches for carcasses. Searches lasted

0.5-1.5 h per powerline. Upon discovery, legs and distal
wings of each carcass were marked with orange paint to
avoid recounting the carcass on subsequent surveys. We
marked legs and wings because they generally persisted far
longer than other body parts. We recorded the location of
each carcass in geographic coordinates using a hand-held
GPS receiver (Garmin eTrex, Garmin International, Olathe,
Kansas, USA) to within 5 m accuracy in the North
American Datum 1983.
In 2007, we estimated carcass detectability rates by
attempting to account for carcasses removed by scavengers,
overlooked by observers, or swept downstream by water
(Table 1). We used a blind assessment approach in which
GDW or RKM placed one to three complete, intact sandhill
crane carcasses within each quadrat on randomly selected
days. All searches were conducted by ns. We placed
carcasses 1.5-4 hrs after a search; placed carcasses were
uniquely but inconspicuously marked by a combination of
broken or reJnoved remiges and broken phalanges or tarsi.
We recorded the location of each placed carcass via GPS
plus distance and direction from natural markers. Carcasses
were placed subjectively to simulate a typical pattern of
distribution based on observations in 2006, and the observer
(nS) had no knowledge of carcass placements. Within
1.5-4 hrs after each carcass search, GDW or RKM
performed a verification visit to placed carcasses. If
remains of a given carcass persisted, it was noted whether
signs of scavenging were evident and whether it had been
marked with paint (i.e., discovered by the observer that
day). We assumed that no scavenging of carcasses occurred
during the 1.5-4 hours between a carcass search and the
verification visit to determine the rate of detection. This
assumption seemed reasonable because we rarely observed
scavengers on quadrats in midday.
To estimate the number of carcasses swept downstream
prior to detection, we calculated the proportion of the
channel width at each powerline array covered by deep
water, i.e., the mean depth needed to float complete
carcasses of sandhill cranes downstream (12.5 cm; n = 5
trials). We used a laser level and a GPS to determine widths
of channel segments that equaled or exceeded this depth at
the highest and lowest flow levels observed during our
survey period. We multiplied the inverse of the proportion
of channel covered by deep water by the number of
estimated mortalities corrected for both carcass detection
rates and scavenger removal rates (Table 1).
RESULTS
We detected no evidence of mortality for whooping
cranes. During our 2006 survey (4 March to 7 April), we
~tern
found three (7%) dead sandhill cranes below t'
powerline and 37 (93%) beneath the eastern po'
We
also observed carcasses of three additional saL
les
about 20 m beyond our quadrats, on banks cor.
,e
high water mark of the channel.
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Table I. Assessment of detection bias and estimate of total mortality of sandhill cranes at two 69-kilovolt powerlines spanning
the Platte River at the National Audubon Society's Rowe Sanctuary in south-central Nebraska, 5 March-13 April 2007.

n

Estimate or factor category

Source

a

Assessment of detection bias on area of channel not covered by deep water b
27

A

Removed by scavengers before observer's search

5

B

Present for observer's search but undetected by observer

3

C

8

D

0.70

E

Crane carcasses detected by observer, death attributed to collision

90

F

Estimated number of cranes killed but not falling into deep water (FIE)

129

G

Minimum

0.22

H

Maximum

0.41

Crane carcasses placed without observer's knowledge

subtotal: removed plus present but undetected (B + C)
Proportion detected ([A-D]/A)

Proportion of bank-to-bank channel covered by deep water C

Estimated range of total mortality attributed to powerlines
Minimum (G/[l.OO-H] )

165

Maximum (G/[1.00-I])

219

Jsed for subsequent calculations.
Defined as water ~12.5 cm deep; depth required to float crane carcasses downstream.
Based on highest and lowest values observed between the two power line spans.

During our 2007 survey (7 March to 13 April), we found
90 dead sandhill cranes. Fifteen (17%) were beneath the
western powerline and 75 (83%) were beneath the eastern
powerline. We also observed six crippled cranes below the
eastern powerline, three of which were immobile. We
excluded the crippled birds from carcass counts because
they were not yet dead upon detection. Gross, external
evidence of blunt-trauma injury, especially fractured legs
and wings, was obvious on most carcasses.
Based on corrections for biases due to carcass removal
by scavengers, observer oversight, and loss of carcasses to
downstream flows, we estimated approximately twice as
many sandhill cranes were killed by powerIine collisions at

Rowe in 2007 than suggested by the number of detected
carcasses (Table I).
Moreover, we suspect that total
sandhill crane mortality due to collisions with powerlines in
2006 was roughly similar to that in 2007, mainly because
our survey quadrats in 2006 covered 20% less area and were
visited two-thirds as often. Loss to downstream flow
represents most significant potential bias; 22% to 41 % of
crane carcasses may have floated downstream prior to
detection (based on difference between estimates of total
mortality and of numbers of carcasses that did not fall into
deep water; Table 1). Scavenger removal and observer
oversight accounted for only 6% to 11 % of all detection
bias. Based on visual observation and tracks, scavenger
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species included bald eagle (Haliaeetus leucocephalus),
American crow (Corvus brachyrhynchos), raccoon
(Procyon [otor) , striped skunk (Mephitis mephitis), and
coyote (Canis latrans); raccoon tracks were particularly
abundant.

DISCUSSION
We detected mortality of sandhill cranes at both
powerlines at Rowe during spring migration in 2006 and
2007. In both years, most (93% and 83%) dead cranes were
observed under the eastern powerline. We attributed this
uneven distribution of mortality mainly to the extensive
roosting sites on open sandbars around the eastern
powerline, although we did not assess numbers of cranes
roosting near each powerline. Moreover, fewer cranes may
have been killed at the western line because they readily
saw and avoided wooden support poles in the middle of the
river channel, or perhaps individuals were avoiding the
nearby visitor center.
Most powerline collisions by sandhill cranes occur when
birds travel between roosting and feeding sites or when
vegetation or topographical funnels divert birds towards
powerline arrays (Bevanger 1994, Faanes 1987, Savereno et
al. 1996). Willows and cottonwoods on banks of the Platte
River likely confine crane movements to and from the roost
and exacerbate mortality caused by powerline collisions.
Tall shrubs and trees expanded along the river during the
past century, coinciding with decreased river flows resulting
from construction of dams and diversion canals (Johnson
1994). Other factors reducing visibility, especially strong
winds and precipitation, can increase the likelihood of
collision by cranes with powerlines (Stehn and Wassenich
2008).
We tried to account for biases that would cause us to
overlook carcasses and underestimate the number of cranes
killed by powerlines at Rowe. Large carcass size, level
topography, and sparse vegetation likely enhanced our
detection rate. However, not all collisions with powerlines
result in immediate mortalities. Crippled birds move locally
or continue to migrate (Faanes 1987, Morkill and Anderson
1991, Stehn and Wassenich 2008). We observed crippled
cranes within our quadrats, but likely many other cranes
struck the powerlines and glided, walked, or otherwise
moved away from our quadrats, eluding detection. Studies
documenting the proportion of strikes resulting in
immediate fatalities versus crippling injuries, such as that by
Savereno et al. (1996), would help account for this source of
additional mortality.
Based on our findings, crane collisions with powerlines
in the Platte River valley require immediate mitigation,
particularly near major roost sites. Collisions may be less
likely if diverter devices are installed, although mortality for
sandhill cranes that we documented at Rowe was extensive
despite presence of spiral vibration dampers on powerlines
to divert birds. Brown and Drewien (1995) documented
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reduced crane mortality in Colorado at powerlines equipped
with plate diverters or spiral vibration dampers, but dampers
were longer and spaced more closely than those placed on
static wires at Rowe before our study (1.2 m long and 3.3 m
apart, versus 0.2 m long and about 6 m apart at Rowe).
Morkill and Anderson (1991) observed that 30-cm diameter
aviation balls reduced collisions by cranes in the Platte
River valley, although the improvement was not substantial,
and other investigators have observed birds colliding with
powerlines fitted with aviation balls (Savereno et al. 1996).
A new diverter that combines motion, light reflection, and
luminescence (FireFlyTM, Firefly Diverters,
LLC,
Grantsville Utah, USA) may more effectively reduce avian
mortality at powerlines.

MANAGEMENT IMPLICATIONS
Our study suggests nearly 90% of mortality among
sandhill cranes due to collisions with powerlines at Rowe
could be eliminated if the eastern powerline was somehow
rerouted or reconfigured, e.g., by housing it within a
pipeline beneath or just over the river channel. Rowe is not
the only location bisected by powerlines along the Platte
River in south central Nebraska, thus we suspect several
hundred cranes are killed annually by colliding with
powerlines throughout the area. More critically, perhaps, is
that the extent of mortality we observed among sandhill
cranes suggests whooping cranes are likely to be killed by
colliding with powerlines over the Platte River. Further
monitoring along the river, combined with location records
of roost sites used by whooping cranes, will help indicate
high priority sites for powerline modifications at this
significant migration area.
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Monitoring Meadows with a Modified Robel Pole in the Northern Black
Hills, South Dakota
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ABSTRACT We used a modified Robel pole to measure vegetation for a study conducted in the northern Black Hills, South Dakota.
Objectives were to determine the relationship between visual obstruction readings and clipped standing herbage, and develop
guidelines for monitoring standing herbage. The relationship between visual obstruction readings and standing herbage was linear and
regression coefficients were significant (P:::: 0.001). Herbage ranged from 140 to 3313 kg· ha- I with a mean of 1386 kg· ha- I (SE = 320
kg· ha- I) for 123 transects. Visual obstruction readings (VOR) ranged from 0.6 to 30.4 (number of 1.27 cm bands obscured) with a
mean of 10.9. Cluster analyses grouped the visual obstruction readings aqd standing herbage into 3 VOR categories; short,
intermediate, and tall. Our results indicate a minimum of 4 transects (20 stations/transect) is needed to be within 20% of the mean at
80% confidence for monitoring areas:::: 259 ha (1 section). The protocol we developed provides pertinent information for managers to
develop guidelines and monitor standing herbage for livestock and wildlife use in meadows of the northern Black Hills.
KEY WORDS cattle, grazing, range, standing crop, vegetation, visual obstruction, wildlife.

Ponderosa pine (Pinus ponderosa) dominates the native
vegetation of most Black Hills forests (Pase and Thilenius
1968, Severson and Boldt 1977, Hoffman and Alexander
1987). Interspersed meadows represent a relatively small
portion (approximately 3%) of the northern Black Hills
National Forest, but are important for wildlife and livestock
(Uresk et al. 1999). Meadows are primarily used for livestock
grazing, but annual measurements are seldom collected to
determine use or available vegetation for wildlife. Also, public
interest in management of meadows and livestock use on
public lands is being displaced by an interest in recreational
activities (Brooks and Champ 2006, Bengston et al. 2004). A
practical monitoring technique that quantifies standing herbage
on meadow lands is limited in the northern Black Hills.
Monitoring standing herbage is a common method for
managing livestock grazing, wildlife habitat, and plant
diversity (Bement 1969, Heady and Child 1994). However,
direct herbage measurements are time consuming, expensive,
and may delay resource decisions. The Robel pole is a tool
used to estimate standing herbage by visual obstruction
readings (VORs). It has received considerable attention in the
literature (Robel et al. 1970, Volesky et al. 1999, Benkobi et
al. 2000, Vermeire and Gillen 2001). Once the relationship
between VORs and standing herbage has been established, the
Robel pole provides a simple, quick, and reliable tool to
estimate standing herbage. Originally the pole was graduated
in decimeters (Robel et al. 1970). Benkobi et al. (2000)
modified the pole using one-inch (2.54 cm) bands. However,
for monitoring short vegetation or heavily grazed areas
including xeric sites, decimeter or 2.54 cm bands are
ICorresponding author: duresk@fs.fed.us

imprecise. To monitor short vegetation or heavily grazed areas
adequately, we employed a pole with 1.27 cm bands (Uresk
and Benzon 2007, Uresk and Juntti 2008).
Our objectives were to quantify the relationship between
standing herbage and VORs, determine sample size estimates
(number of transects) required to achieve adequate precision
for monitoring, and develop guidelines for monitoring
meadows in the northern Black Hills based on 1.27 cm Robel
pole bands.
STUDY AREA
Our study was conducted in the northern Black Hills in
Lawrence and Pennington counties, South Dakota. The area
included forested lands north of a line one mile south of the
Pennington County north boundary line. This south project
boundary line extends west from Interstate highway 90 near
Blackhawk, South Dakota through Rochford, South Dakota to
the Wyoming state line. The area is characterized by stands of
ponderosa pine interspersed with meadows, parks, and other
openings. Average annual precipitation varied from 41 to 56
cm (Orr, 1959) and most precipitation occurred in May and
June. Precipitation recorded during January through August
2008 in Lead, South Dakota (the approximate center of the
study area) was 29.3 cm greater than the long-term average
over 99 years (High Plains Regional Climate Center 2008).
Temperatures during the growing season (April through
September) ranged from 6.6 to 22.2° C (Orr 1959). The
annual growing season ranged from 97 to 154 days and
Plant species
elevation ranged from 1067 to 2153 ill.
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composition and diversity were described by Thilenius (1972)
and Hoffman and Alexander (1987). Estimated peak standing
herbage of vegetation in meadows ranged from 1170 to 2930
kg' ha- I (Thomas et al. 1964, Pase and Thilenius 1968).
Common plant species included: Kentucky bluegrass (Poa
pratensis), timothy (Phleum pretense), smooth brome (Bromus
inermis) , sedges (Carex spp.) , western wheatgrass
(Pascopyrum smithii), prame dropseed (Sporobolus
heterolepis), fleabane (Erigeron spp.) and yarrow (Achillea
spp.).
METHODS
We sampled meadow sites from the foothills to higher
elevations throughout the northern Black Hills in 2008. We
sampled visual obstruction (number of 1.27 cm bands) and
clipped herbage from late June through mid September
following the procedures described by Uresk and Benzon
(2007). We numbered bands beginning with zero for the first
band at the bottom of the pole. We observed visual
obstruction readings from a distance of 4 m with the reader's
eye at a height of I m. The lowest visible band not obscured
by the vegetation on the pole was recorded. We recorded at
each station a VOR in each of 4 cardinal directions for a
transect total of 80 VORs. We used a stratified sampling
design to collect data (Benkobi et al. 2000, and Uresk and
Benzon 2007) along 123 transects representing a range of
vegetation VORs from short, intermediate, and tall vegetation
based on preliminary inspection of vertical heights. We
recorded coordinates with GPS for randomly located transects
among the 3 strata within meadows large enough to include a
200 m transect. Livestock grazed the meadows from spring to
late fall; some meadows were excluded from livestock as part
of management. Wildlife grazed the meadows throughout the
year.
Along each 200 m transect, we recorded VORs at 20
stations spaced 10 m apart. We clipped standing herbage
within a 0.25 m2 circular hoop located and centered on stations
at 0, 50, 100, and 150 m. Additionally we clipped all
vegetation within a hoop at ground level, oven dried it at 60° C
for 48 hours, and weighed it to the nearest 0.1 gram. Standing
herbage is expressed as kg . ha- I .
We averaged VORs and clipped herbage for all 123
transects. We analyzed relationships between VORs and
herbage using linear regression (Stastical Package Social
Sciences 2003) and cluster analysis (lSODATA) to create
management resource groupings with minimum variances
(short, intermediate and tall) based on VORs and kg' ha- I data
(Ball and Hall 1967, del Morel 1975). We standardized data
(VOR and kg· ha- I ) to give variables equal weight in the
analyses (individual data subtracted from the sample
mean/standard deviation). We estimated the number of
transects needed to achieve estimates within 20% of the mean
with an 80% confidence level.
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RESULTS
Clipped herbage ranged from 140 to 3313 kg· ha- 1 on grazed
and ungrazed meadows with a mean of 1386 kg· ha- I . Transect
VORs ranged from 0.6 to 30.4 with a mean of 10.9. The
relationship between standing herbage and VORs was strongly
linear (Fig. 1). The slope from the regression model was 73
kg· ha- I / band with an intercept of587 kg· ha- I . Our regression
result was significant (R 2 = 0.80, P < 0.00 I) and is considered
high for this type offield study.
Cluster analysis of VORs with kg· ha- I resulted in three
distinct minimum variance groups. The 3 resource groupings
were short, intermediate, and tall (Table 1). They also
represent heavy, moderate and light to no grazing (Holechek et
al. 1989, Heady and Child 1994). Based on the variance ofthe
3 groupings, to achieve a precision of 20% of the mean with
80% confidence would require 4 transects per section (259
hectares) ~f meadows.
DISCUSSION
Relationships we described between VORs and standing
herbage weight represented meadows throughout the northern
Black Hills. We sampled over a broad range of conditions
from no grazing to grazing throughout the growing season.
We used our data over this range of conditions to define
guidelines for resource management. These guidelines were
based on data from this study and on results from Thomas et
al. (1964) and Pase and Thilenius (1968). Overall mean
herbage of their two studies was approximately 2050 kg· ha- I
for peak standing herbage, compared to mean of2218 kg· ha- I
for the tall category in our study. We considered this the mean
herbage potential of the area. Monitoring vegetation for
residual herbage throughout the growing season in our study
was based on our 2218 kg· ha -I, an average potential for
meadows in the northern Black Hills.
For instance,
considering a management objective of 40, 50, and 60%
livestock use of the average herbage potential, residual
standing herbages would be represented by VORs of
approximately 10, 7, and 4, respectively.
Most management of livestock on rangelands, including
mountain meadows, is based on forage utilization (NAS-NRC
1962, Holechek et al. 1989, Heady and Child 1994).
Utilization is difficult to measure with a high degree of
accuracy and is often estimated by ocular observations or by
clipping herbage in and out of utilization cages. Clipping
herbage is expensive and time consuming (NAS-NRC 1962,
Holechek et al. 1989, Heady and Child 1994). Percent
utilization offorage is a variable that fluctuates annually, thus
a band and VOR objective for leaving the same amount of
standing herbage for wet and dry years is recommended.
Managers can use VOR-based monitoring to prevent residual
vegetation overgrazing and subsequent damage to vegetation
and other resources. Otherwise, additional grazing would
provide inadequate residual herbage to sustain or increase
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plant productivity and improve the quality of meadows.
Transition from monitoring percent utilization to standing
herbage is more precise and less time consuming. Our results
suggest a VOR of 10 (1330 kg· ha- 1 residual herbage remaining
at 40% use) would enable resource managers to achieve most
livestock management objectives of maintaining or improving
vegetation in the northern Black Hills.
Further, this

recommended objective of band 10 would remain constant
during wet and dry years. When a VOR of 10 is measured in
the field, livestock removal from allotment is warranted.
Reduced grazing periods and livestock stocking densities are
recommended in dry years whereas greater livestock grazing
(more days or more animals) may be possible during growing
seasons in years of above average precipitation.

Table 1. Categories defined by cluster analysis for short, intermediate, and tall vegetation with VOR band number on a modified Robel
pole (1.27 cm wide bands). Corresponding kg· ha- 1 is based on VOR band-weight equation in the northern Black Hills, South Dakota,
2008. VOR band number represents visual obstruction reading.
VORBand
Category (Number of Transects)
Short (49)

Intermediate (37)

Tall (37)

kg·ha· 1

Minimum

Mean

Maximum

Band

0.6

2.6

6.3

kg·ha- 1

631

778

1050

Band

6.4

10.4

16.2

kg·ha- 1

1057

1351

1777

Band

16.3

22.2

30+

kg·ha- 1

1785

2218

2791

Three resource categories were determined based on results
of cluster analysis (Table 1) for management of livestock and
wildlife grazing, wildlife use, and monitoring guidelines.
Guidelines are useful throughout the northern Black Hills and
can be used to meet management objectives (grazing and
wildlife) for each allotment. The three VOR categories (short,
intermediate, and tall) represented meadows heavily,
moderately to lightly, or ungrazed based on VOR bands and
standing herbage. These categories would provide resource
managers with guidelines to maintain current management or
change management objectives to achieve desired results. We
recommend 4 transects be sampled to determine differences
among 3 categories and that variance of 4 transects be used to
characterize an entire allotment with sampling in each section
(259 ha). If the objective is to manage for specific herbage
(i.e., VOR) to remove livestock, a I-sided t-test is appropriate
using the variance of four transects. For example, if a VOR of
band lOis the desired objective for removal of livestock, the
I-sided t-test at a =0.05 (Uresk and Juntti 2008) is
recommended to test for differences from a VOR of 10.
A 40% use of the potential (Band 10) is generally
considered the standard for light grazing at which livestock

should be removed to maintain a healthy or improved
rangeland (Holechek et al. 1989, Heady and Child 1994). In
key wildlife areas, leaving more standing herbage may be
warranted (Uresk et al. 1999), and in some areas less herbage
may be beneficial (Frisina 1992, Shepperd and Battaglia
2002, Martin and Possingham 2005). Approximately 1015% in the short and tall categories is recommended for
resource management (Mueller-Dombois and Ellenberg 1974).
This provides a full range of herbage values on the landscape
for the northern Black Hills (Uresk and Benzon 2007).
A comparison of standing herbage remaining after livestock
grazing (40% use) was similar for both the central (1419
kg· ha- 1; Uresk and Benzon 2007) and northern Black Hills
(1330 kg·ha· 1; present study), despite differences in regional
VORs. For an approximate 40% use, a VOR of 5 is the
recommended minimum for livestock removal in the central
Black Hills (Uresk and Benzon 2007), whereas a VOR of lOis
required in the northern Black Hills. Regional differences are
largely explained by relationships between VORs and clipped
herbage by transects. The central Black Hills has a curvilinear
relationship while the northern Black Hills has a linear
relationship. The linear relationship between VORs and
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standing herbage for the northern Black Hills may be
associated with additional timothy and smooth brome in
regional plant communities.
These two plant species

contribute less herbage weight per VOR band; thus a higher
VOR is required in the northern Black Hills to achieve a
similar weight in the central Black Hills.

4000
Kg/ha=587.2 + 73.5*8ands
R2=

0.80 SE= 320

90% Individual prediction interval

3000

ro

=a,

2000

~

1000

o
o

10

20

30

Bands (1.27 em)
Figure 1. Regression relationship between Visual Obstruction Reading (VOR) bands and herbage (kg· ha- I ) with 90% prediction
bands for individual transects on the northern Black Hills, South Dakota, 200S.
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NOTES
LONG DISTANCE MOLT MIGRATION BY A GIANT
CANADA
GOOSE FROM EASTERN SOUTH
DAKOTA - Molt migrations are summer movements of
giant Canada geese (Branta canadensis) from their breeding
grounds to northerly locations where they molt their flight
feathers (Hanson 1965, Kuyt 1966, Davis et al. 1985,
Abraham et al. 1999, Nichols et al. 2004). Most molt
migrant geese are subadults, nonbreeders, and failed
breeders (Sterling and Dzubin 1967, Salomon sen 1968,
Lawrence et al. 1998), but some successful nesters that
abandon or lose their broods also may embark on a molt
migration (Krohn and Bizeau 1979, Zicus 1981, Anderson
2006).
Understanding dynamics of molt migrations,
delineating migration routes, and identifying possible
staging areas that occur between molting areas and breeding
'lreas is important to the management of giant Canada geese
:Zicus 1981).
The distance giant Canada geese travel is one of the more
variable aspects of their molt migrations (Sterling and
Dzubin 1967, Dimmick 1968, Krohn and Bizeau 1979,
Abraham et al. 1999, Sheaffer et aI. 2004). Formerly,
resident giant Canada geese were not believed to make long
distance molt migrations from South Dakota (Gleason
1997). However, using banding and radio-telemetry data,
Anderson (2006) documented high rates of molt migration
and post-molt movements by resident giant Canada geese
from eastern South Dakota to North Dakota and Canada.
To reduce crop damage by resident giant Canada geese
(Schaible et al. 2005), the South Dakota Department of
Game, Fish and Parks (SDGFP) initiated a program to
reduce goose nesting success in eastern South Dakota. One
management tool used by SDGFP personnel was the
destruction of giant Canada goose nests. When a giant
Canada goose has its nest destroyed, they are known to
initiate a molt migration (Mykut 2002, Luukkonen et aI.
2008). We attached Platform Transmitting Terminals (PTT;
model ST -19) to document and describe molt migrations of
giant Canada geese following nest destruction. We captured
3 adult nesting female giant Canada geese during early
incubation with a net-gun (Mechlin and Shaiffer 1980) on 18
April 2003 in Brookings County, South Dakota, USA.
These geese were subsequently fitted with a U.S. Fish and
Wildlife Service leg band, a PTT, and then released.
Personnel from SDGFP destroyed nests after these geese
were captured.
Platform transmitting terminals were manufactured by
Telonics, Inc. (Mesa, AZ), and were attached to black neck
collars made from Rowmark® plastic by Spinner Plastics
(Springfield, Illinois, USA; Anderson 2006). Each PTT had
a specific ID code recognized by satellites. Platform
Transmitter Terminals had a specified battery life of
approximately 360 hours that was separated over 4 separate
monitoring periods. The PTTs had an "on" period of 8

hours, which allowed transmissions for 45 days during a 365
day period. During the first month after deployment, PTTs
transmitted every 10 days, and every 5 days thereafter.
Locations of PTT marked geese were received by Service
Argos, Inc. (Largo, Maryland, USA). The PTTs transmit
signals to the receiver on board satellites during their
programmed "on" periods. We received PTT location data
through Argos's Automated Distribution Service. Argos
provides 2 location estimates per PTT during each satellite
overpass and designates the location with the best frequency
continuity as the optimal location. Argos assigned each
location a location class (LC) based on their accuracy
estimates. Locations with a LC of 3, 2, I, and 0 were used
for analyzing local and migratory movements.
The PTTs on all 3 geese provided consistent location
estimates whh location classes of 2 and 3. Two geese did
not make a molt migration, and both molted within 2 km of
their nesting locations. One goose made a long distance
molt migration of 2,080 km to Ferguson Lake, Nunavut,
Canada. The molt location was 62.93° N latitude and 96.9°
W longitude, or approximately 32 km east of Yathkyed
Lake. This goose had been incubating 6 eggs when her nest
was destroyed on 18 April 2003. The goose initiated its
molt migration between 7-12 June and arrived at its molting
area during the week of 22-29 June. The goose remained in
Canada until at least 26 October, and returned to Brookings
County by 7 November where it remained until 23
November before migrating south and wintering in Kansas,
USA. The wintering location was within 160 km of the
wintering location of the other 2 geese which had their nests
destroyed.
The goose's PTT stopped functioning in
mid-December 2003.
Molt migration is a behavior now common to most
temperate-nesting populations of reintroduced giant Canada
geese (Abraham et al. 1999). We documented the first long
distance molt migration (2080 km) from South Dakota,
which also was one of the longest published molt migrations
recorded, and is similar to distances traveled by molting
geese from Michigan (Luukkonen et al. 2008). It is apparent
from this study and earlier data that resident giant Canada
geese from eastern South Dakota are making molt
migrations to areas far north of South Dakota (Anderson
2006).
Due to small sample sizes during this study, the
proportion of geese with their nests destroyed (33%) that
made a molt migration had little significance. However, a
large proportion of nonbreeding and unsuccessful nesting
females initiate molt migrations from South Dakota
(Anderson 2006).
Increasing giant Canada goose
populations are resulting in more molt migrants on northern
brood rearing areas, causing increased competition between
populations of giant Canada geese (Abraham et al. 1999).
Competition from large numbers of molt migrant giant
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Canada geese on Akimiski Island has reduced the number
and size of goslings hatched there (Hill et al 2003). This
increase in molt migration also complicates management and
surveys of some Arctic and subarctic nesting giant Canada
goose populations (Abraham et al. 1999), and could have
negative effects on northern habitats (Hill et al. 2003). For
instance, high populations of giant Canada geese have
masked population declines in the Southern James Bay
population and the Atlantic population (Hestbeck 1995,
Leafloor et al. 1996). Leafloor and Rusch (1997) found
molting giant Canada geese in western James Bay and on
Akimiski Island, Northwest Territories. Our data indicates
that molting giant Canada geese are traveling up to 800 km
farther north than James Bay, which consequently may be
increasing competition with nesting geese in these areas.
Smith et al. (1999) suggested egg addling to cause nest
failure and subsequent molt migration by giant Canada
geese, thus alleviating temporary nuisance problems.
However, Luukkonen et al. (2008) found that 80% of giant
Canada geese that had nests destroyed in Michigan made
long distance molt migrations. Destroying eggs in problem
areas to induce molt migration may alleviate some localized
depredation problems. However, unsuccessful goose pairs
could molt elsewhere, possibly contributing to crop
depredation or habitat damage in these molting areas.
We thank South Dakota Department of Game, Fish and
Parks, South Dakota State University, and the Federal Aid to
Wildlife Restoration Fund (Project W-75-R, No.7598)
administered by the South Dakota Department of Game,
Fish and Parks.-Bobby J. Anderson l and Charles D.
Diete/, Department of BiologylMicrobiology, South Dakota
State University, Brookings, SD, lAssistant Professor,
Department of Biology, Valley City State University, Valley
City, North Dakota, 58072. 2Corresponding author. Email:
charles. dieter@sdstate.edu.
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OBSERVATIONS OF BADGERS PREYING ON
BLACK-TAILED PRAIRIE DOGS - American badgers
(Ta,'ddea taxus) often visit black-tailed prairie dog
(Cynomys ludovicianus) colonies, most likely in search of
prey (Lomolino and Smith 2004, Shaughnessy and Cifelli
2004). Badgers are well suited to hunting fossorial prey
such as prairie dogs by excavating burrows and capturing
individuals belowground (Lindzey 2003). However, the
ecological literature is sparse regarding details of how
badgers hunt and capture prairie dogs underground. Eads
and Biggins (2008) documented three occurrences of a
badger excavating prairie dogs. That badger (apparently the
same individual) had a den within the prairie dog town
where captures occurred.
This note documents two
additional observations of badgers excavating and capturing
prairie dogs.
At 0900 hr on 21 June 2008, a badger was observed and
subsequently videotaped hunting black-tailed prairie dogs in
Wind Cave National Park (Custer County, South Dakota in
the southern portion of the Black Hills). The site was
mixed-grass prairie on a Hilger cobbly loam soil formation
(http://websoilsurvey.nrcs.usda.gov/app/WebSoiISurvey.asp
x). The badger was first observed on the periphery of a
prairie dog town running toward the interior. Prairie dogs
were observed emitting alarm calls and consequently fleeing
toward burrow mounds. The badger ran from mound to
mound, often bounding up on its hind feet, apparently to
better survey the prairie dog town.
As the badger
approached a prairie dog the latter would escape down a
burrow. The badger made no apparent effort to catch the
prairie dog before it entered the burrow; however, the
badger did subsequently inspect the burrow opening. I
obtained video footage of the badger inspecting three holes.
Additionally, the badger inspected 2-5 holes prior to the
start of the video. In all but the last case the badger moved
to other holes within a few «5) seconds and without
excavating burrows.
At the last burrow the badger
immediately started digging and was below ground surface
in 7 seconds. The badger resurfaced approximately every
90 seconds and surveyed the surroundings for
approximately 6 seconds before re-entering the burrow.
While the badger was belowground, dirt was occasionally
observed being pushed upward from the burrow, indicating
the badger was excavating the burrow in pursuit of the
prairie dog. Twenty-nine minutes after it started excavating
the burrow the badger appeared aboveground with a live
prairie dog in its mouth. The badger's bite was directed
dorsal to the thorax, similar to that described by Michener
and Iwaniuk (200 I) for badgers killing Richardson's ground
squirrels (Spermophilus richardsonii) and by Eads and
Biggins (2008) for badgers killing prairie dogs. After
surveying its surroundings for 10 seconds, the badger
carried the prairie dog to a nearby colony where it entered a
burrow approximately 480 m from the capture site.
Subsequently, two badgers emerged from the burrow,
thereby suggesting a nursery den.
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On 31 July 2008, I used a burrow-inspection camera to
inspect the excavated burrow. The length of the dead-end
burrow was 3.5 m, however, this measurement should be
viewed with caution since 40 days had expired since the
badger excavation.
Admittedly, prairie dogs or other
animals may have modified the burrow dimensions prior to
measurements.
A similar observation of a badger hunting black-tailed
prairie dogs occurred at Scotts Bluff National Monument
(Scotts Bluff County) in western Nebraska on 25 June 2008.
That badger spent 30 minutes inspecting holes. In contrast
to the observation described herein, that badger partially
excavated an unknown number of burrows before moving to
other burrows. At one hole the badger started digging and
only "came up once or twice." Approximately 46 minutes
later the badger emerged from the burrow with a prairie dog
(Melanie Weber, National Park Service, 6424 West Farm
Road 182, Springfield, Missouri 65738, unpublished data).
Th(J colonial nature of prairie dogs and their cooperative
defense strategy, combined with the sparse vegetation and
flat topography in some prairie dog towns, may limit the
effectiveness of a stalking or ambush strategy. However,
Eads and Biggins (2008) described an encounter where a
badger used a den within a prairie dog town as an ambush
point to capture prairie dogs aboveground.
When
concealment cover is unavailable, badgers appear to use a
variation of a pursuit strategy by flushing fossorial prey,
identifying vulnerable individuals, and pursuing them into
burrows. Michener (2004) reported that badgers primarily
captured Richardson's ground squirrels underground and
rarely intercepted fleeing ground squirrels aboveground.
Although Eads and Biggins (2008) observed two successful
aboveground captures of prairie dogs by badgers, they too
reported that aboveground captures were rare and that
badgers more commonly hunt prairie dogs via excavation.
Murie (1992) suggested that badgers used olfactory and
audible clues to locate and dig up belowground Columbian
ground squirrels (Spermophilus columbianus), and that they
primarily captured juveniles. Moreover, Armitage (2004)
reported that badgers captured yellow-bellied marmots
(Marmota jlaviventris) belowground and that they
disproportionately captured young animals. In contrast,
Eads and Biggins (2008) reported that all three prairie dogs
they observed captured underground by a badger were
adults.
Like the burrows of many ground-dwelling sciurids,
prairie dog burrows often have more than one opening
(Sheets et al. 1971, Hoogland 1995), providing animals with
multiple escape exits. However, Lampe (1976) reported
that badgers often trap ground squirrels in dead-end tunnels
and Eads and Biggins (2008) reported a single opening from
the one excavation they inspected. Capturing prairie dogs in
dead-end burrows is consistent with my observation.
Because the badger immediately started excavating the
burrow where it was ultimately successful suggests that it
might have known that there was no escape exit. Perhaps it
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could detect a difference in airflow or temperature between
dead-end burrows and those with more than one opening
(Vogel et al. 1973). The two incidents reported here and
observations by Eads and Biggins (2008) suggested that, on
average, badgers excavated prairie dogs in 38 minutes (n =
4, range = 11-66 minutes). Observations reported here
increases our knowledge of how badgers hunt and capture
black-tailed prairie dogs.
I thank John Hoogland and Melanie Weber for reviewing
this manuscript.-Daniel S. Licht, National Park Service,
231 East St. Joseph Street, Rapid City, SD 57701, USA.
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NOTEWORTHY WINTER PREY OF SHORT-EARED
OWLS IN SOUTHERN TEXAS: A CASE STUDY The winter range of North American short-eared owls (Asio
flammeus) encompasses much of the United States,
including southern Texas, where it is a common winter
resident (Oberholser 1974, Rappole and Blacklock 1985).
Winter food habits of short-eared owls are relatively weJl
documented, but the majority of investigations have been
conducted in eastern Canada and northeastern U.S. (Clark
1975, Holt 1993); midwestern U.S. (Colvin and Spaulding
1983); and British Columbia and Pacific northwestern U.S.
(Bogiatto et al. 2001). The short-eared owl has a narrow
trophic niche, generally preying on small mammals, with
voles (Microtus spp.) and deer mice (Peromyscus
maniculatus) usually reported as the most prevalent prey in
North America (Holt and Leasure 1993). Only one study of
short-eared owl food habits in Texas (Hogan et al. 1996) can
Our objectives were to
be considered representative.
identify and enumerate mammalian prey in the winter diet
of the short-eared owl in an area in southern Texas, and
report two previously undocumented prey items in the diet
of the short-eared owl.
Our study was conducted on the Escondido Ranch, a
property owned by the United States Navy. It encompassed
approximately 2,740 ha in southwestern McMuJlen County,
Texas, within the Tamaulipan Biotic Province (Blair 1950).
Mean annual rainfall was 60.5 cm, with most precipitation
occurring between May and October. The dominant plant
community of the ranch was Tamaulipan thorn scrub, but
grasslands and riparian deciduous woodlands also occurred.
The dominant grass species in the study area was plains
bristiegrass (Setaria leucopila).
We collected regurgitated pellets (n = 116) of short-eared
owls from a communal roost site on Escondido Ranch from
28 November 2007 to 22 February 2008. We located pellets
within the communal roost site by systematically walking
across the grassland site to flush owls. During each of three
collecting trips, we observed 12 to 14 short-eared owls
roosting in the study site. Pellets were collected and placed
in envelopes labeled with the date, then stored in a freezer
for subsequent laboratory analysis.
We dissected peJlets by placing each one in a petri dish
and carefully teasing it apart using forceps and probes. We
included only mammalian prey because our study objectives
were limited to identifying and counting mammalian taxa to
contrast with known mammalian prey of short-eared owl
diets. We examined skulls, jaws, and hair of mammalian
prey using a lOx binocular microscope. We used the
collection of preserved specimens of locally occurring
mammals housed at Texas A&M University-Corpus Christi
to identify skulls and hair found in pellets. Most prey items
were identified to genus or species based on skulls and
dentaries (Glass 1981, Jones and Manning 1992, Elbroch
2006). The number of individuals for each mammalian
species was determined by pairing the number of jaws
and/or incisors present. We calculated percent count by

The Prairie Naturalist· 41(3/4): December 2009

dividing the number of individuals of a species by the total
number of individuals of identified mammalian prey items.
We identified five species of rodents, one species of
shrew, and at least one species of leporid from the pellets.
Of the 110 mammalian prey items we identified, 82 (75%)
were hispid cotton rats (Sigmodon hispidus). Numbers of
individuals and percentages of total prey for other
mammalian taxa included 10 (9%) fulvous harvest mice
(Reithrodontomys Julvescens), 8 (7%) northern pygmy mice
(Baiomys taylori), 5 (4%) neonatal Leporidae, 3 (3%)
Peromyscus spp., 1 (1%) Merriam's pocket mouse
(Perognathus merriami), and 1 (1 %) least shrew (Cryptotis
parva).
Hispid cotton rats, the dominant prey species of
short-eared owls in our study, have been reported only twice
previously as the most commonly preyed upon small
mammals (Baumgartner and Baumgartner 1944, Long and
Wiley 1961). Short-eared owls may have preyed upon large
numbelS of hispid cotton rats in our study because they are
abundant on Escondido Ranch, where Long (2005) found
them to be the most frequently captured rodent species.
There are no published reports of short-eared owls
preying on Merriam's pocket mouse or northern pygmy
mouse, and this is only the second reported instance of
fulvous harvest mice being preyed upon by short-eared owls
(Smith and Hanebrink 1982). Most research on short-earer
owls has been conducted in northern latitudes, well outsic'
the ranges of the Merriam's pocket mouse, the northel
pygmy mouse, and the fulvous harvest mouse, as well as th
Mexican spiny mouse (Liomys irroratus) first reported by
Hogan et al. (1996). Additional diet studies in Texas and
other southern portions of the range of the short-eared owl
may reveal a greater use of mammal species with southern
distributions.
We thank T. Gallo, L. Lloyd, J. Ingold, and R. Calderon
for their field assistance, G. C. Hickman and J. Baskin for
assistance in identifying prey remains, and J. Stockton, D.
Zimmerman, R. Riddle, the staff at Escondido Ranch,
and the United States Navy. G. A. Proudfoot, H. E.
Valdez-Gomez, and two anonymous reviewers provided
helpful suggestions which improved the manuscript.Damon Williford l, Marc C. Woodin, and Mary Kay
Skoruppa. Department of Science and Agriculture, Coastal
U S.
Bend College, Alice, TX 78332-4004 (DW).
Geological Survey, Columbia Environmental Research
Center, Texas Gulf Coast Field Research Station, Corpus
Christi, TX 78412-5599 (MCW, MKS). lCorresponding
author (e-mail: rook137@gmail.com). Current address:
Department ojAnimal and Wildlife Science, Caesar Kleberg
Wildlife Research Institute, Texas A&M UniversityKingsville, Kingsville, TX 78363-8202.
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BROOD PARASITISM IN A NORTH AMERICAN
POPULATION OF WHITE-FACED IBIS The
white-faced ibis (Plegadis chihi) is a migratory wading bird
that nests colonially in marshes in westem North America,
particularly parts of the Great Plains in Montana, North and
South Dakota (Ryder and Manry 1994). There are also
breeding, migratory populations in South America (Ryder
and Manry 1994). In the Great Plains, white-faced ibis
generally nest in mixed colonies that include the
black-crowned night heron (Nycticorax nycticorax), cattle
egret (Bubulcus ibis) and Franklin's gull (Larus pipixcan).
In South American populations, white-faced ibis nests are
commonly parasitized by the black-headed duck
(Heteronetta atricapilla; Weller 1968), but interspecific
brood parasitism has never been documented in North
American populations (Ryder and Manry 1994).
Interspecific brood parasitism has implications for avian
conservation (Davies and Quinn 2000), particularly when
host species have special status (e.g., threatened) or are
experiencing habitat fragmentation and loss.
In 2007 while monitoring reproductive success among
various overwater nesting birds at J. Clark Salyer National
Wildlife Refuge in North Dakota, I observed parasitism of a
white-faced ibis nest by a cattle egret. I located a nest on 23
May 2007 that contained four white-faced ibis eggs and one
cattle egret egg. The nest was located in the middle of a
small colony of nesting white-faced ibis (approximately 35
pairs) and black-crowned night herons (approximately 30
pairs). On 3 June 2007 all of the eggs were still present in
the nest, but two of the white-faced ibis eggs began hatching
on 5 June 2007. I returned to the nest on 10 June 2007 and
observed three white-faced ibis chicks and one cattle egret
chick in the nest. The fourth ibis egg was in the water
beside the nest. I estimated two of the ibis chicks to be 4-5
days old and the other ibis chick and the egret chick to be
2-3 days old based on the plumage and size of other
white-faced ibis and cattle egret chicks of known age that I
observed in the colony. The nest was still active (with all
four of the chicks present) on 15 June 2007. I did not
monitor the nest after 15 June 2007 because nests with
10-day or older ibis chicks are no longer visited to prevent
flushing chicks away from the nest site. All nest monitoring
was conducted in accordance with North Dakota State
University Institutional Animal Care and Use Committee
(#A0759).
This is the first report of brood parasitism in a North
American white-faced ibis population.
Although
white-faced ibis nests are parasitized in South America by
black-headed ducks, the black-headed duck is a
non-colonial, obligate brood parasite that lays eggs in the
nests of many other overwater nesting birds (Weller 1968).
Moreover, the eggs of the black-headed duck have a labile
incubation period and produce precocial young that require
almost no parental care by the host (Weller 1968, Rothstein
and Robinson 1998). While intraspecific egg dumping has
been suspected in some white-faced ibis populations (Willet
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and Jay 1911), eggs of American coots (Fulica americana),
redhead ducks (Aythya americana) and Franklin's gulls that
were experimentally added to the nests of white-faced ibis
in Utah were rolled out of the nests (Kotter 1970, Ryder and
Manry 1994). Cattle egret eggs require approximately a
24-day incubation period (Telfair 1994), whereas
white-faced ibis eggs require a 26-day period for the
first-laid eggs compared to a 20-day period for the final egg
in the clutch (Ryder and Manry 1994). Based on the
incubation times and my observations of hatching, it is
possible that the egret egg was laid after the first ibis egg
was laid, yet the egg was not rejected. In addition, the
white-faced ibis parents apparently fed the egret chick (both
cattle egret and white-faced ibis chicks are altricial) for at
least one week based on its development.
Based on
evolutionary theory (e.g., Maynard Smith 1982) it is
expected that a brood parasitism strategy would quickly
reach an equilibrium with a host population (Roskaft and
Mok~es 1998), particularly in cases where nest sites may
be limited. White-faced ibis have been listed as a species of
management concern for the Great Plains (USFWS 1995).
Cattle egrets and white-faced ibis nest overwater in mixed
colonies in wetlands in the Great Plains. Although this may
be an isolated case, my observation of brood parasitism of
white-faced ibis by a cattle egret indicates interspecific
parasitism occurs in North American white-faced ibis
colonies.
1 thank the staff, particularly Gary Erickson, Todd Grant
and Tedd Gutzke, at 1. Clark Salyer National Wildlife
Refuge for their support during this study.
Gary
Nuechterlein and Deb Buitron provided helpful comments
for improving an earlier version of this manuscript.-Mark

Clark. Department of Biological Sciences, North Dakota
State University, Fargo, North Dakota 58108-6050;
Corresponding author (email: m.e.clark@ndsu.edu).
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